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This report explores some techniques that could 
assist educational managers in their attempts to arrive at more 
optimal input and output mixes. Following a review of the literature 
on input-output analys.es in education and a description of the 
Pennsylvania Educational Quality Assessment Program (the basis of the 
present study) , an empirical analysis utilizing single- and 
simultaneous-equation systems was conducted. Because the regression 
coefficients indicate the expected change in any one output, 
reflective of changes in one or more inputs but not in the overall 
level of educational output, output indexes based on t]ie canonical 
correlation technique are presented. The analysis supports the 
contention that some reallocation of resources could *^nhance the 
outputs of the educational system, A strong argument is made in favor 
of the development of a simultaneous-equation system. The canonical 
correlation technique was found to be useful in developing an overall 
output index. Although the output indexes are not very sensitive to 
changes in the output set, they are sensitive to changes in the input 
set. (Author) 



ERIC 



ABSTR.\CT 



This report explores sornG techniques that could assist 
educational managers in their attempt to arrive at more optimal 
input and output mixes. Following a review of the literature on 
Input-output analyses in education and a description of the 
Pennsylvania Educational Qi'iility Assessment Prop,ram (the basis 
of the present study), an enipirical analysis utilizing single-' 
and sliriul taneous-equation systems was conducted. Because the 
regression coefficients indicate the expected change in any one 
C'ltput due iro changes in one or more inputs, but not in the 
overall level of educational output, output indexes based upon 
the canonical correlation technique are presented. 

The analysis supports the contention that some realloca- 
tion of resources could enhance the outputs of the educational 
system. Regarding the equation systems, a strong argvimcnt was 
viado. in favor of the development of a simultaneous-equation 
system. The canonical correlation technique was found to be 
useful in developing an overall output index. Although the 
output indexes are not very sensitive to changes in the output 
set, they are sensitive to changes in the input set. 
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PREFACE 
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as part of his doctoral dissertation at Tlie Pennsylvimia State 
University (Kuhns, 1972) • The current effort would not have been 
possible without the cooperation of the Division of Educational 
Quality Assessment and Dr. Kuhns. 1 therefore wish to express tny 
gratitude to Dr. Thonas E. Kondig» Dr. J. Robert Coldiron (both 
of the Pennsylvania Department of Education), and Dr. Kuhns for 
their cooperation in making their data and other documents available 
for this study. I v:ould also like to tliank Professor Teh^wei Hu and 
Dr. Coldiron for reading and commenting on a previous draft of this 
report* 
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by Maureen C. Gallagher. Alice Bcanesdor f er coordinated the production 
of the final report, edited and proofed the nanuscript, and prepared the 
Table rf Contents, the List of Tables, and the Bibliography, Finally, 
clerical and typing assistance were ably provided by Pat Machon, Nann 
l^fka, Bonnie Grove, and Winifred Reese. 
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CllAPTER 1 



INTRODUCTION 

There Is increasing awareness of the need to apply rigorous 
management techniques to assist educational decision makers in 
allocating scarce resources. The need for greater educational 
productivity has been placed into a sharper focus by the fiscal 
probleias confronting education. The basic reason for h."uch 
fiscal problems has been the ever-increasing costs of education — 
despite a reduction in the rate of increase in enrollments and, 
in some cases, an absolute decrease in enrollments — vliich are 
related to higher input costs despite little or no improvement 
in educational productivity. When costs increase but productivity 
remains essentially constant, costs per unit of output must 
increase, and therefore schools must seek increased public support. 
In an effort to reduce the burden of government operations, economy 
minded legislatures nnd boards of education are reluctant to 
increase tax revenues in proportion to the increase in educational 
costs. Something, therefore, must "give/^ Eitlier the level of 
production must decrease^ or ways must be found to produce the same 
output froirs a sriciJler input base. 

T!io assumption vuidcrlylng this study is that there exist 
some pos'uhlo vays Lo roduce input costs without reducing the level 
of educational output, or, alternatively, to produce a greater level 
of output (it i lining the s.ime amount of inputs. Tliis means, of 
course, t ): u .^.anar.riiitT t decisions in education have not been optimal, 
Xhiii is ncft to say ih.ii cducation.il a Jrr.i nist rat ors have necessarily 
beiMi lax, h'\l ratJier that t !ie nature of educational production Is so 
coT.plox th.a ivtii the host administrators would be unable to arrive 
at nn optS:: il decision. 



The study cl\eroforo cxoioros sorjo teclititqucs that couhi *issi;5t 
educational mana^;ers iu their attempt to arrive at inore optical in[Hit 
and output mixes. Ko panacea is offered !)ere; only su>^;;est lonr> which 
would require tliouglitful anil searching analysis alon^; vitli serious 
data colU'ction are proposed. 

T!ie report begins in chapter 2 with an overview of Input- 
output analysis as it applies to education^ including; a brief survey 
of sorae of the najor input-output studies in education. 

Chapter 3 provides a brief introduction to the Pennsylvania 
Plan, which forms tl^e basis for the analysis developed in succeeding 
chapters . 

The next chapter contains single- and simul taneous--cquation 
systems describing input-output relat iousii ips for the fifty-three 
Pennsyl v:uiia secondary schools (as of f.ili 1971) for which extensive 
data arc available. Some applications of the results are also discussed. 

Cliapter 5 presents a discussion of the development of an 
educational output index using the technique of canonical correlations. 
Several outpjt indexes are developed and compared, and applications 
of the output index analysis are explored* 

The major conclusions of the study are reiterated in chapter 6. 



Cll/\PTER 2 

INPUT-OUTPUT ANALYSES: A NEW PERSPECTIVE FOR mUCATION 



The VMdG D omain o f Input-Out put; An Intro duction 

Having just passed thro* h a period of very great growth 
at all levels, American education has most recently shifted Its 
focus fron issues of quantity to those of quality. A decline in the 
school-age population^ combined with the emergence of other competing 
societal priorities, have made educators aware that they will be 
increasin^Jy called upon to demonstrate that the output of formal 
education is comnensurate with the magnitude of inputs being 
committed to educational processes. 

Kducational inputs and outputs luave been notably difficult 
to specify — not to nention the problems of quantifying them once 
some degree of consensus has been reached about their mere identifi- 
cation. As Katzman (1971) points out» the determination of whether 
pavticuJar schools liavo performed satisfactorily in tiie past has 
been mde in two basic ways, One could either look svi!)jcct ively at 
the school setting and try to "feel^' whcthiir it appears to be 
working vi^ll^ or one could attt'ipt to make objective judgments about 
the resources being consuricd and the product being put out. Tlic 
former is clearly llie most cor.::ionly used approacli and has a long 
history of evolution; however, tht? latter metliod is the emerging 
approacli and the one witlj which ed\icaiors will need to deal if they 
arc to Ju.;tify enrichr^'nt of edurational programs in thv* years ahead. 

1 1 nu St be under St cod t ha t problems rema in in opera t iona 1 i/ Ing 
e hic.it icMKi 1 inputs as^l outputs ^ln ! in lievel. ^pinr, a true educatiouvil 
production fun;.* lion. For ex:imple, in studying the effects of scliooling 
on equality of opportunity! Jer.cks and his aj.sociates (1972) eNj)lain 
why they were forced to use si ajulard 1 /ed test scores as a measure of 
cJucat i (>nal at talnment * 



Wi» l>nvi» look(.^l M co^nirivo skills, as rntvisuroJ on 
standard l/e,l t( ^;ts,, . Asv Irvvi* nol lov^kod in any 
detail ;U liibits, valui's, or ntt Uudos. Tlu' reader 
sluv.iUi not. infer thai wo tUlnV. test i^coros moro 
important than values or character. We take a 
din view of te^;t scores, both as neas.ircs ot 
schools' effectiveness ar^d as measures of individvial 
t a i ent . l^ii t wh i le coi^n it Ivo test hive nany ohv lovui 
detects, Dost ue.isures of attitudes, values, and 
ch.uMcter structure arc cv^-n worse. In the 
absence of evidence, tlieorlsts nust rely on intuition 
and personal experience. These have proven a poor 
guide to the one thin^; we can nciisure, nacr^ely^ 
cor,nitive skiUs. . . (dencks^ el a.K , 1972, p. 12). 

Jcncks' exa;nple is in^portant to thu eor-iprehenslon of 
what follows because it arj^ue.s that we r:ust use indices, even 
though they are less than perfect, on the a?:sunption that what 
information they do provide Is better than having no objective 
information upon which to base important decisions. While we may 
still bo Ear fron the ult innate each tentative step brings 

us closer to onr objective. 

The organization of this chapter is as follows, A discussion 
of the general area of open systerr.s theory is presented first and 
forms a tlieoretlcal base for the spc^cific Input-output analyses 
wFilch have been done in the field of education. Tliis discussion 
is followed by a review of so:no of the studies which have been 
undertaken in elementary and secondary schools. 

"^^l^ J't^i^L'*t'^'^^*^^^ ^^-^P^l^r^^l^Py,*^^ ^'L'^'LL^ A j^j'^j^^^*^ Perspec t ive 

Until the very recent past, educational institutions had not 
regularly undergone the type of critical scrutiny faniliar to other 
"complex organizations^*--notably the for-profit corporate structure. 
Iviucation, it was said^ was so different from the production processes 
in other segments of the economy that principles of a general nature 
about the structure, funct ions, and operations of other organizations 
would not apply to educational institutions. In reviewing the available 
research on the organizational characteristics of American Gducation» 
Anderson (1963) concluded that: 
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...the literature in this field was largely reminiscent, 
anecdotal, or hortatory, and what passed for research 
was largely of the norinat Ive-survoy variety ... .The procedures 
of the research or its findings did not tie in, In any 
sysictnatiG way, with what is being called a theory of 
organization or a science of manaftcnient (p. 1). 

Ikenberry (1972) points out that the traditional inability 
to consider education, particu3arly higher education, within the 
context of general orj^anizat ional theory has b,^c\f*duc purportedly 
to the following; factors: (1) lack of clarity in the specification 
of specific, stable raissions, goals, or objectives; (2) extreme 
decent ra I ij'ation of academic authority within institutions; and 
(3) the disproportionately hig)i nunjber of professional einployees-- 
that Is, faculty and other supervisory staff. 

However, as the number of other service industries in our 
society has increased, it has become apparent that institutions other 
than schools share many of these cluaractcr istics and are still 
arnenablo to objective analysis. Some changes in terminology are 
needed to conform to different purposes and rationale, but much 
can be plained fron ap[>lication of the netliodolop^y developed for 
judging; the effectiveness of functioning organizations In general. 

Willinr^nesK to eMarune the effectiveness of educational 
institutions in terns of use of resources vis-a^vis outcomes has come 
about 5 in larp^c part, due to acceptance of a systems perspective of 
education in line with juMieral .sv:>tems theory, A brief discussion of 
the dovi.' lopnont of syslc'..^s theory vo\ild therefore be useful. 

S V s t LjA'A 1 h 1 • o ry 

Churc[i:nan (1968) defines a systcu; as "a set of parts coordinated 
to accor.;«lish a sot of j;oals'^ (p. 29). In a more detailed fasliion, lla]l 
and Fa/.i n {196:S) dei^crilc a .syste::) as "a set of objec^ts to^^ethor with 
relat icrrihips between the objects and thejr attributes'' (p. Bl). Ihey 
furtlA^r define ohje^ls ny, the conpenents of tlie system, attributes 
as liie pi'oportles of tiu^ objfct:?, and relat ionslups as those thln^;^ 
that •'tit- ihc system to^-.ether'* (p. 82). 
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The vahio of a sy.^^t^.^rui or loiU;it lvin Is tliU it allows and 
cncoura^^os oac to soo the Jyu/inlc re Lit i onshlps wl^trli oxisl bctvcoa 
tlie cor5^)onoiUs at\d the cnv Ir ^^tv;::cMU outside; the rty«te:n. In analiuuic, 
one could allude to the dlfforcnco bcivoen a novle and a finapj^liiU . 
In tiie motion picture one can see not only tlie components and tfiolr 
at tr llv.J tes , hut aLr»o tlieir patlui ot noveraent trocn one state to 
anot(\er. Rather than a static picture, the sy.steDs approach 
atter:i{>ts to show and accoiut for "flow of cnerp,/," 

Incrcasin); 1 y , the attempt is to viev or^^.anl t ions as ^'opon 
systems, that is, systeTB:; which interact with thoir environments. 
While tlie concept of open systeins originated in the study of thermo- 
dynaniics (IkTtalanf f y , 1950), it appear to promise vide acceptance 
ill nany areas, not the least of which id natuigcineat s^cience. 

Goulduer (1959) introduced the terris i;iijL}ojvL\ ^^^^^ IWt'^'il^- 
sy^^tem^i into the nana^^er.ient iiterature to correspond rougiUy with the 
phy^iical concepts of closed and open systems, respectively. Move 
recent theorists refer to closed and open systems directly. Tlie closed 
system sees the or i^mij^at ion as an instrurrent which can organii'.e itself 
internally more or less independently of the conditions outside of 
the system. The open system, on the other hand, is viewed as an 
organization which is in "dynamic equilibrium/' ruaintaining Itself 
''in exchange of materials with the environnent arjj in continuous 
ixiildin..; up and breaking dowTJ of coaponents" (Berta lanf fy, 1950, 
p. 23). 

Authors generally associated with the closed system approach 
include Henri Fayol, Frederick Taylor, Max Weber, and Elton Mayo 
(Hall, 1972). Irrespective of tlicir substantive differences, each of 
these writers strove to find the "one best way" of organizing 
Internal struc Aires and conditions. Two of the most well^-known dicta 
deriving from this perspective are those dealing vitli "span of 
control" and ^'unity of cororianci." The approaches ident if ied by the 
terms sc le nt if ic rrv mage nent , h; i n.in relat ions panagemen t ^ a nd the 
i^AMilZ PX bu roaucracy have wide currency outside of the field of 
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management • Relatively fewer people are familiar with the newer 
open systems model. 

Lawrence and Lorsch (1967) put the matter this way: 

Until very recently, organization researchers and 
theorists have tended to view the internal func- 
tioning of effective organizations as if there 
was one best way to organize • No attention was 
devoted to the problem in which we are interestcd-- 
tliat different external conditions might require 
different organizational characteristics and be- 
havior patterns within the effective organi?.atlon 
(p. U). 

Kat7. and Kahn (1966) have written what many consider the 
definitive work on open systems- They state: 

The theoretical concepts should begin witli the Input* 
output, and functioning of tiic organization as a 
system and not v;ith the rational purposes of its 
leaders, *0;ir tlieoretical nodel for the understanding 
of orp.anizat ions is that of an energlc input-output 
system, Liv ing systems, whether biological organisms 
or <:ocial organizations, virc acutely dependent upon 
their external environrienl and so nusi be conceived 
of as open systems (pp. 16, 18). 

Katz and Kalm go on to discuss tl^e key elements of all open 
systems, whether biological or social. They detail the following 
nine separate chnrac tor i r,t i c s , the headings of which are repeated 
in their terminology, 

1. lmj>o_r t/it 1 en _of^ enor p.jy' : Some form of energy is input into 
all liviiig systens in terris of money, people, material, and/or 
information from the environment, 

2* l^Jl^L A^UL^i^rjL^l'.L^^' Sorr.o t ransf orr^i t ion of t)ie inputs takes 
place within the system. 

3' '^L^l^^^-LUl^'A- Some pro»hict of th^e transforation process 
is exportOvl Kiv-k to iho env ironr.:eni , 

^» » Systems as cvcles of evi^nts: There Is a pattern within 
systems liiit is relnlorcid by tlie e.^j^ort of outputs to the onvironnen 
Julernally, there are also patterns which reeiir as now eleinents are 
input. 



^' yjlL*'>''P-^.* Kntropy Is tho process whoroby 

Myster.tr>, over tlino^ tcMul co nm tlovn, tioconposo, cto. Ualldiiu^ 
T\ov;ritive entropy entails tlio dovoloprricnc. of ^iLMn^; throi^Th which tho 
syston Is replcnliih<^d» 

6. Jpi\V^il» n_ei^:jtivo t^>''''nv'K".k, tho cotUn^^ 

p;*()C_oss: Inforoiatiou can be as rAich of an lupvit an physlcaL 
coiunod it icj; . Koj^ative feedback is tnt'ovr^atlon ^;h^oh dofiocts the 
or^;ani/.a t ion back to a planned co\irac. Po:.iLtlve feed back nero ly 
naintains present course, (A tbermoh'tat Ls an ideal analogue; 
temperature chm^ie ii) information to thernostat to hrln^ back to 
pre-.set tcnpcratnre level Ine;>')tive feedback] » Positive fee(l])aok 
to tbemostat merely "says'^ tenperature sotting on tbormostat needs 
to be changed*) Coding deterrnlaes what information inputs will be 
nion Itored • 

^ ' J^l!r ^^i'jJ'i^y '"^^j'L^?. ^T-^^ i'lViPA^ L^'^'i^i^^Jir-'^?.' ^ ' Thougl^ element?? 
are constantly being importeJ and exporlod, open .systems characteristically 
maintain a steady state. This ts homeostasis rather than true c<iuiiibr iuti 
since there is Tr^ovement, but the relation of encrr>y in and out i;3 
constant » A safety margin of energy is input and stored to arrest 
en tropic process* 

PA/lj^'^^^\^^J-^^5il' Open systems tend to move toward a r.ore 
ccnplex forro and a nore specialized division of activities. 

9* lL^l!iiLOj^lLL^i?Ji' ^^"^ open systens there are nulciple paths 
to tho sane goal. There is no "one best way,'* 

Principles such as t}ie.s'e quite obviously give us a nev; set of 
pararr.eters within vliich to evaluate the functioning of organ ixat ions* 
Since they were conceived to be of universal applicability, tliey do 
not have the closed syste:n d i sa(lvaata^;e of being idiosyncratic to 
particular settings--such as the profit sector of tho economy. 



The Many Uses of an Input-Qn t put Approach : An Over view 

Tile basic concepts of input-output analysis have been used 
in different ways in the various levels and settings of our educational 
systera* In higher cducation> the unit of analysis has been the academic 
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department (and other cost centers) and stress has been on dollar 
inputs. In contrast, Input-outpvit studies of elementary and secondary 
education are concerned with the individual student as a unit of analysis 
with individual characteristics and sociocultural factors as inputs 
into the process througli which coinpetGncies--thc output of the systems- 
arc developed. Use of the flexible input-output approach in such 
diverse ways lends to the overall heuristic value of the concepts. 

Since the emphasis of the present study is on the explanation 
of student performance in the elementary and secondary school setting, 
use of input-output techniques as a financial mnagement strategy in 
highc^r education will be discussed here only briefly before delving 
directly into the topic at hand. While input-output studies 
of higher education, conceived of as management tools, are a more 
limited view of the total utility of the approach, they do demonstrate 
the variations of the theme in education as a whole • 

P.ourke and Brooks (1966) believe that there has been a 
"managerial revolution in higher education" under way since the early 
1960s. In their view, the new approach to higher ^jducation administra- 
tion \u\y* come about due to: (1) expanded use of computer-assisted 
records systems; (2) extensions of Institutional research capabilities; 
and (3) the adoption of new management tools originally used in 
other 'Vor^plex organisations." 

Most characteristic of the new management tools applied to 
liigjjer educLition is the Tianning^ Prograixming, l^iuigeting System (TPRS). 
First implemented in the I)epart:r,cnt of Defense (Hitch, 1971), the 
syslL-n was biM n/, opera t i ona 1 i i:ed in all federal agcMicies by 1965. 

PPr^S can he considered nne specific tecluiique of th.e g,eueral 
approach known as cost -benefit nnnly sis. Hu, Iahs St romsdor f er , and 
Kav]fm,in <19fj9) def ini.' cost-hv^nef i t an ilysis as "a procedure by which 
relevant economic <)nvi noneconomic criteria are applied to cost and 
beniMit data lo c(>r:pare t ho relative ;nerits of alternatives" (p, 20). 
Succinctly slated, the intent is to com])are not only the costs of 
different alternative courses of ar.tl<iu but also t!\e benefits tliat 
car h vou Id pi <v.iur e , 
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'{]\in i\p\)ro.wA\ differs mrkoiUy from wluit institutions of hlr,her 
education atcerr.ptrd to do in t\K\ \>ci>it thiouj^h bud^;otar>' and jUannlng 
functions. As Clark and llutt ( 1972) point out: 

Tr^d 1 1 ion.ill y, Institutions h^U'i* planned and budgeted on 
the basis of inputs to doparttronts in thi* torn of dollars, 
faculty, staff, phy;;lcal facilities, etc. Ki'lativoly Itttle 
reference was nade to tlie outcoi-ie.s of the pro^ua:T^s those 
depar tinea ts support. Thus, resource re<|uesi.'; in traditional 
bud>;ets have failed to link costs to proj^ran ovitconies (p. 3). 



Since pro^.Tam budgeting is t\\o nost frequently adopted 
vehicle of cost-benefit analysis, tfie present description will focvis 
primarily on tl\ls specific tectinique, Parden (1971) notes that a 
planniji)*, progranniing , budp,etinp, cycle can be conceptualized In 
terms of the following tea sequential steps: 



1. Kstablish objectives and goals. 

2. Develop alternative prograjns which will accon^plish 
tlio sane goal. 

3. Estimate resource requirements for each alternative, 

4. Hstimate benefits to be gained fron eacli program 
alternative. 

5. Develop an operating plan by selecting from ainong 
alternatives. 

6. Test the long-range fiscal implication of the plan, 

7. Compile the annual budget. 

8. Evaluate the success with which program benefit,; are 
aclneved * 

9 . Revise planning standards . 

10. Repeat the cycle to accomrriodate changes in objectives, 
goals, available resources^ and th.e institution's 
environment (frori pp. 203--208). 

The way in vhich these ten steps are input into the planning, 
programning, and budgeting process is described by Farmer (1970): 

Planning — the selection or Identification of overall, 

long-rangc objectives of the organi2atioii and the 

systematic analysis of various courses of action In terns 
of relative costs and benefits, 
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JL^l'^-feTA^i^l^Jlfi — deciding on the specific course of action to 
be followed in carryinp^ out planning decisions. 

^'^S planning and prop.rammlng decisions 
into specific financial plans (p. 7). 

Weathersby and Balderston (1971) view the matter similarly 
and add a tiric frame for the entire process. Their schema is 
presented below: 



FUNCTION hVAU TIME 

Planning 5 to 13 years 

Programming 1 to 5 years 



ACTIVITY 

Articulate global objectives, 
costs, and benefits. 

Translate global objectives 
into a specific sliort-range 
course of action. 



Budgeting 0 to 1 year Deternine specific financial, 

manpower^ and policy plans 
toward goals (adapted from 



According to Dilley (1968) the inpicnicntat ion of siicli a 
progi-amncd budget format a:Tielioratcs many of the problems of traditional 
"line-item'' hud^;ois by providing: (1) a record of accom])lis]iments as 
a function of costs, (2) detailed planning for tlie whole institution 
as well as its parts, (1) plannin;^ in specific witten forn so that 
it can be dif,cussfNi and reviewed by all involved, and (^0 planning in 
tine perspective so thkl alternative courses of action can be evaluated 
in Lt^rms of long-tern capabilities,^ 

H"fore delving dlivctly into a descriptinu of the typos of input- 
output ana)y;c'r. vhlcli have been per f orr.ed with regard to individual 

' Ad<i 1 1 lor.a I infor. virion iM'BS ir.pleruMUiit ion and irap 1 ica t i ons 
can be found in Nowioa U97^) and lluff and M<uiniiig (1972). 
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lo n^oiuiou briefly j:u)11um* spin -off ot luisic />ppro.ioli vhicl^ is 

>',oni.u*a t i?,uc\\ intorosi la o<liuMt ion:! I circles, 

Inr rcis y» attoatfrKi I;; h*,'lnr; ct^rUero.l on tlio d evo 1 oprr^on t 

of or 1 1 c^r ion-bascil scliool cvir r icii la , Also known as cor:petGncy- or 

per f ornasice-basivi (\kication, tho now enphasis Is placed oi\ dotcrniaU\^> 

vliat specltic skills aro rtiqulsito to parLlcular ctlucational a 1 1 i lnnvM\ts 

(as a noasLire of school ouLpnt)> in con]un<:tlon vltl^ a specification 

2 

ot the ia[>uts necessary to reach these a t a i ri^icn ts . With re^^arct to 
teacher education^ the requirements for certification in many states 
have been radically altered to provide for cor.petency-b ise.d pro^^rcms 
as a substitnte for presentation of selected course work* la New 
York and Texas, ability to denioiistrate specific competencies has now 
been tPxandated as tite sole route to tcaclier cer t i f ica t ioa (Rosacr atut 
Kay, 1973)* Clearly, the atter.tion of nany has now been directed 
toward the actual co);a^t:ive and aoaco^^ai t ive abilities of students 
leaving e<hicational institutions. Tiiis approach is in stark contrast 
to traditional roliaace on the dei'^reo or diploma as a credential in 
itself. 

While tlie approaclies discussed ia this section indicate tlio 
diversity of present and potential uses of input-output r.\ethodolofty , 
the ir.ost comn:on use of itiput-OLi t ptit analyses (and tl^e one pioneered 
by economists) has concerned the developnent of a tentative production 
function for elementary and secondary education. It is tlils topic which 
forms the basis for the next major section of this chapter. 



Mucli of the work on criterion-based education has taken 
place in the context of teacher-preparation prop,rans. ^.'hile a discussion 
of tliese efforts is not within the scope of tliis study^ additional 
information can be found in SclLnicdcr (1973), Klani (1972), and 
Broudy (1972), 
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Irvput-Oiitput Studios : 
The Develo Il^c^ri t^_oJ^ an Kdncatlonril Production Fu nction 
for Clemeatary and Secondary jkiuc atiou 

A production function^ quite simply, is a technicdl st^ite- 
ment of relation between Inputs and outputs. As Burkhead and bis 
associates (1967) indicate, ^^Thc function may be conceptual i;:cd 
as a set. of rclaLlons anonf^, possible factor inputs and a corresponding 
set of outputs for a firfTi or industry. For a given set of inputs, 
the production function permits the choice of the locus of maximum 
output" (p. 18). 

In developing a true production function for education, one 
is haisperod by a nunber of ju'oblonis. Tb.e absence of any generally 
agreed upon theory -.f learning is perliaps most troublesome* 
In pj'ice cf a unitary theory, one finds tliat educational psychologists 
have posited a plethora of tlieoretical orientations which sceia equally 
platj^nblc at present. 

Add it ional ly » it r.ust be pointed out that if the process is 
-amenable to various modes of analysis, so also is the output of 
education loss clear than one might hope. Most commonly, the 
educational process is assumed to have multiple outputs, including 
cognitive dove] op ,:en t , improvetl ci t i?iens)iip , and the potential for 
cc o no: \ i c i nd e p e nd enc e . 

A prorr.ltienl Canadian educator, W, R, Wees (1967), considers 
the for::al thrusts of education to include at least the following: 
(1) to ti-aclt vlir>t is called a body of knowledge; (2) to develop 
character and iraia for citizenship; (3) to foster intellectual 
dovel np:ut'a t for tlu^ society; an<i (4) to trani;mit luieU sV'ills as to 
quality students for gainful and productive life, li]o<:»m (1956) 
likrwi^.r scavs a riultipHolty of edticational objectives in the 
co>'.nitive and no:4ce.',nit ivo do:niins, 

An nnalY>;ls by lielm (1972) shows the complr>;lty of problems 
affecting the deve\opr;ent of an educational prodtu'tlon functi(»n. 
lie in! i c<i t e s : 
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It U> no oasy njttor to .spc*city a tboory of production cis It 
appLii'S to i\[iKMCtpn. Or.o re.i"-.,'Tj Is thr Cr.uiition vi tieflairK: 
Iho rcspi^ns 11^1 1 U V schools to bo tUU of offering, 
Oj'jportiiii i I 1 oM for oJi. l::u ion rathor than insiArin>', that 
iiiJivLhials recoivo an cJvioal ion . . . . A soroiul factor 
wliich has Iscourri.ra^'! .K tonpts to dcvi^lop a tbioovy of 
procUu: : Lou of Ckiucat lop.al oatpiit fs tho d ll f ictilty of 
[sola tin;.; unanh i ^uiou s ly tho i.ohooL and nons.:liool influences 
vliich to>v3ti\er ro::-nU in evivicational provluct. A third 

reason for the prinitivo stato of production theory in 
education Iku; been t ho lack of a^^recnuat a;; to what the 
proper output of odnoat lonal in^^t Itut ions should be.... 
As a re:~:ult of t)ioso and other forces, proportionally less 
effort has been extended to tho question of input - 
output re la t ionships in the educat ion ti^dustry than is 
typical of industries producing; r.iorc tan^^ible products 
(p. 10). 



Most input-output analyses in education have attempted to 
relate .student, school, and/or societal factors to the more 
limited outcome of student achievement as nieasurcd by various 
standardised testin^^ iustruinents . This approach has not stemmed 
from any effort to donip,rate other aspects of school output, hut 
rather, as indieat- d by Jencks (cited cailicr in this clupter), 
intellectual aciiievement as demonstrated on standardized tests is 
the bust measure that we Iv^ve of any of tlie outcomes at this moment. 

Guthrie (1970) sug|;est.s that the first siy;nificant attenipt 
at input-output analysis was ui\dertakon in 1956 for the Educational 
Testing; Service by Mollcnkopf and Melville (1956). These 
researchers attempted to control for the socioeconomic status of 
over 17,000 nint!\- and twelf th-[;radc students in 206 schools and 
found a number of factors to be significantly related to tested 
ability. These factors include the number of guidance counselini;^ 
and support staff in the schools^ student-teacher ratio^ class size, 
and instructional expend ittires per student. (This study and those 
whicli follow are summarized in table 2-1*) 

Also of great importance in establishing the value of input- 
output studies was the New York State education department's large- 
scale Quality Measurement Project (Goodman, 1959). Utilizing a sample 
of 70,000 seventh- and elevonth^grade students in over 100 districts in 
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TAhl.F. 2-1 



Siimr.^cy Ctvirt of f ec ti vc^nos.s .St u lies on Soliool Sorvlce CoDr'<''>iit'ats 



Stuily AiiC hor (s) 



2. Coodr:i.^n (1939) 



3. Tlion.is (1962) 



Grocn ot^ al. 
(196'0 * 



Benson oL al, 
(1963) 



DffiArT IpL ion 
of Ssr^ple 



Mo.isnre of 
Pup 1 1 l*cr f or [r..ince 
(School Chitput) 



U..S., 17, OO'^ 9th (111 AptUud? and achlove 
100 scliools) .inJ coru tests 

I2th (li\ 106 schools) 
gra^ie, ciale anJ 
Ccnale 



New York. 70.000 
7th and 11th grade, 
n/ile and fenUe in 
iOl school districts 

Project TAl.KST 
sanple (national) 
10tl\ and 12th grade » 
rTLilc and fenale 

Virginia 

(Primarily rJcgro) 
Sv'condary s ti:Jont a 

Callfornlo 5th grade, 
2''*9 school disttlcLs 



6. Klcslin>; (1967) Sev York, 70,000 

\ 7 th and 1 Ith >;cade 
I nalc and fcEnale in 
102 school districts 



7. Colcnan Report 
(1966) 



U.S. Sanple 



Shaycoft (1967 ) | U.S. lOS r.chools 

6.300 9th and I2th 
grade, nalc and 
female 



<^ . Bvirkhcad ct al, 
(1967) 



90, 000 Chicai;o hlc'.h 
school stud L-nt s in 
39 schools. 19,000 
Atlanta hi^^h school 
students In 22 
schools and 180 
snill corrr^untty 
high schools 



Achlevcr^ent test 



Achievcceat test 



Stant ord Achieve- 
ment Test 



Rc<idin^ achleve- 
nont test 



Achloveatent test 



Verbal ability test 



But cry of ^2 apti- 
tu.lci and achieve- 
rent tost s 



A7»;Uode and achieve- 
rr.on:. tests .ind ?5chaol 
holding povcr 



Moasure(s) of Kffectlve 
School Strvice Ct>nponent(s) 
(Sc^iool Input) 



U Nun)brr of special staff 

2, Class size 

3 . ^'up ll-tcacher ratio 

fi^ Instruct lonal expenditures 



1. Nunhcr of special staff 

2. Instructional expenditures 

3 . Teachers ' expcr lence 

. Classroon atmosphere" 

1. Teachi^rs' salaries 

2» Teachers* exp<?rlence 

3. Number of library books 



1. ApEregato rnoasure of 
entire instructional 
program 

1 . Teac he r -s ' sa la r les 

2» /vhilnlst rators' salaries 

3. Instractional expenditures 

I. Expenditure per pupil 

X.i^cc school districts) 



1. Teachers' verbal ability 



1, C^rrlcjlun variables 



1. Ay.e of biiildin^? 

2. Teachers' experience 

3. Tcaclier turnover 
A. Teachers* salary 



TABLE 2-1 {Continued) 



Sunjf^ry Cl\art of Effectiveness Studies on School Service Components 



Study Aijt !io: (s) 



2 0. PlrwJvn Kt-port 
(196?) 



11. Cohn (19SS) 



12. fLi)T:o;iJ (196S) 



13. KnUrun (1908) 



Doscript ion 
of Sani^ile 



li. f-.ovlos 
(1970) 



15. Bovlfs 



U^- F-owU s .If., J I.l v in 
17. ILinur.i.rk 



Ic'-M V.i;;h scliool 
f^LuJ(nUs in 377 
school d i &t r ic t s 



school sLuJc^ntsi 



V>o .'>t on 0 1 c ~ o n t a r y 
school studt'nts 



Merisiire of 
PupU PtTtor:?^.3nce 
(School Output ) 



I Aoblcvcront test 



(coller,o) CPA and 
iic!npvt.'rj(.'nt tost 
.'icorci- 



MeasureCs) of Fffectlvi? 
School Service Co!:^poncnt (s) 
(School. Input) 



1. Age of building 

2. Teachers' e:<periencc 

3. Teachers' ncadentc 
prepjrai ion 

A. Teachers' "ability" 

1. Tecicherfi' sahiry 

2. Nurjher of i ast rue t iorij 1 
a s s 1 jVi ^ e n t per teacher 

3. School si/c 

1. Teachers' sn]ary 



U.S. 12th grade 
^irf.ro tiales 



U.S. 12th f;iJde 
!M. »;ro nale.s 



l?th ^r-^de Ni-y.ro 
SI u K nt s uind I :t h 
y,Tad e t o st n It n: s 

6th .;r.iJc whilo 
?i N'n t s In ^ ? 1 
sch-u^l'; ,md <'tf* 
r,rn le V.>M-o r^tuJf i.t s 



School .u tendance , 


1. 


Pupils per classroora 


5;chcol li^'Minr, pover , 




Student -staff rat io 


reading. . i c h v c v c- ■? n t ^ 


3. 


Attendance district 


J^pocial scho<>l lmt 




enrol Inen t 


trancc exnn^ijMtion 


r 


Teachers' f^p loyr.en t 






status 




5. 


Teachers' decree lev*'l 




6. 


Teachers' e vper i t'nce 




7. 


I'e a c ho r t u r n< vc r ratio 


Vcrh,il ahflity tc.^t 


1. 


Teachers* verKal ability 




2, 


Science laboratory 






facilities 




3. 


Lcn^U^i of sciiool year 


Milhen.it icr, and 


1. 


Class s J / e 


reJd Inr, .^t-liirvoTent 




Ahi 1 It y p,ro'jpIn^, 


test nn^l .i test of 


3. 


hovel of teacher traininp. 


^,onera 1 acMjonlc 


4. 


A^-^e of school bulldln>. 


nhi lity 


5. 


Vxpt[iditures per p-jpil 


Vrrh.,1 ..hmty test 


1 . 


Teachers* verbal ability 


^ : 0 r e 1^ 




Teathers" salary 


VerKil iihiUiy test 




Tc.ichers' vcihal ahilUy 






Teachers ' e> per Icncc 



TAHIK 2-1 (CotUlnuoJ) 



St\jily Autlnr<s) 



18. Riblrli (1968) 



19. Ciuhrle et nl. 



Dcscr Ipt Ion 
of S .\r. p 1 r 

Project TALKS r 

5>,2Si 6th Rrade 
stuvients In MicUi^^in 



MtM5uro of 
FupU >V*riornanc<; 
(School Output ) 



Atrhlevenoat test 



Ro.vHn^^ obUlty, 
n.UhcD.itics under- 
stand in>5 , 
verbjl facility 



!(.^3Siiro (s) of Kffcctlve 
^■io\ Sorvioi' Component (a) 
(School [nput) 



I. ExpciiJ Ituros per pupil 



1. School site size 

2. Building af.e 

3. X classroons nikcshift 
Library volurnos 

3. Textbook supply 

fi. Tcncbcrs' vtrbal ability 

7. Te.ichors' experience 

3. Tdchers^ Job sa t i sf -ic t Ion 

9. School size (enrol la^nt) 

10. Classrooms per 1,000 
students 

11. 7, of students transferring 



^♦7-^8. 



tlio Kt.Ue, the roMults wcvv r.i.'nnt to b(? ^:ciior a 1 1 /.ah lo Lo all schools 
In Nvw Votk, Input tacLor:; found to be iAy,i\i( icA\\t\y corrcl<\li\\ vlt[» 
moasiirokl sLiulorU acldovt*;nont incUhlo pi-r situlcnt cxp^Mid t turos , nnnluT 
of special staff personnel, ainonnt of tc\u:l\er exporiencc, niui "classroom 
almoj^phi^ro/' The latter factor evolvo.l \vo?\ an in~class observation 
of the teacher's effort to ri->latc tlio forruil course contetit to tliG 
nei?i!s anvl abilities of t tic particular stiulunts. 

'Ihe next major stvuly was undertaken by Tlio.nas (1962) cnpLoyin); 
the data k;oneriiteti by the "Project TAIJ.Iir' stviJy, This saniple consistc<5 
of tenth- and twelf t]i-^;rade stndents in over 200 hL};a schools acros.5 
the country. In one of t)iG first najor studios to use re^;ression (in 
contrast to correlational) tcclu\i<{ues , TlioMas found the following; 
factors to be of inportancc: bo)^, inuln;^ teacher salaries, amount of 
teacher experience, and number of books in the scliool library. 

Perhaps tl;e largest, nost co:npr eliens ive , and nost hotl>- 
debated study wis published in 1966. Directed by Ja^-^es S» Coleman 
and his associates (1966) > a study euLitlod ]"^iL^ijlLL^y_.9A AL^L^J^iA?^^^ 
Oj>j^^r_Cnnj ty atterrptcd to deterninc the school and nonschool factors 
related to the achieven^ent of over 600,000 students from coast to 
coast. Popularly knovn as tlie "Coleman Report/* the study found 
very little association between school factors (taken singly or 
collectively) in cos-parison to nonschool factors. Of the school 
factors, the teacher's verbal ability seened to he of most importance. 

The Coienan report has been critici^ed alon^; tlirce basic 
axes. First, there is uncertainty as to whether the measurerncuts 
used are sufficient for the task involved. Secondly, the handling 
of the data is thou^;ht by some to have been less than precise. 
Perhaps r.ost damning, however, is the fact that many contend the 
nanner by which the regression technique was used *^stac'Kcd the cards" 
against any strong showing by school factors. 

Basically, this latter argument is that step-wise nultlple 
rcsrossion requires the statistical assumption of independence of 
variables. Where such independence is not present (i,e., multl- 
collinearity is present) » the first variables to be entered (in 
this case nonschool factors) will appear inost potent. In point of 
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fact:\ the tumscliool .uvl schocU f:vct(M*s n.iv he r.o ncstoJ wUhln 
each otlan* tluU thotr ettucts v\\\inoi so arbitrarily sop.iraCcd. 
'Ihls critic tsn; has ba'w uNpouiuied Most persuaslvoly by Howl'-»s a-id 
Lovin(196Sa, 1968b). 

I'ol lowing; the release* oi* the Co lonan KoporL firuUn^^s> a 
ivinber of otljor, less oxtonsivo stullos were uiuler takerj . The results 
of these studios are presented in table 2-1, 

After a i^})an of sone years, .inotl:er work h.is caurja the 
public eye and ^>ilvan[/ed public opinion. Perhaps destined to 
be as ccntroversial as the Colonan Report, the work by Jencks and his 
associates (1972) sees the appropriate outcorie of schoolinij not as 
demonstrated student achievement, but as equality of oppor tvuiity • 
In this re);ard, they find the school deficient, 

(It is our concencion] tliat differences becween schools 
have rather trivial lonr,-terni effects, and ^hat ellninatinR 
differences between scliools would do almost nothiU)* to make 
adults more equal. L^ven e 1 i:Ti ina t ing differences in tlic 
aiTuivuit of schooling people y^et would do relatively little to 
make adults more equal. If this is true, scliools ought 
to be judi^ed largely by their short-term effects. This 
does not, in our view, v;eaken the case for distributing 
scb.ool resources and opportunities equally. Cut it neans 
that this case is no different fron the case for naking 
tlie distribution of public parks, trasli collection, or 
other public services equal (pp. 16-17), 

Jencks contends that the main value of the school is its 
inme<iiate effects as a nllieu. He finds this to be no small task 
in itself » although ethers continue to suggest the need for a nore 
long- tern educational outptit to society. 

Cone l udin.; jornments 

This chipter has presented an overview of the nany ways in 
which educators have found value in the concept of input-output analysis. 
The new perspective includes: a general systems approach to education; 
the implencnt at ion of program budgeting, unit-cost, and otlier analytical 
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cost-of feci tvoiu'SiJ studU*iJ; tlK' dcvolopru'iU of cr ilcr lfMi-b.i'a\l 
v*lucat loiia I pro,.;r a:ns ; anl tlio idriu U "trat Ion u( sc\\oo[ anJ aom^cliOal 
ftiputs to level of stuJoMt ac)i it'venont . 

This cl'aptcr ha^; Vnruse.i nattily o\\ the stvuly of inputs to 
i;luJent achleveneut. la r:KWo:nt*nt toward the d i vc ] oj^neiU oi a 
r:eanin;;ful [iroauctioi^ tiiak^llon foi* olucailon, a number of Iriportant 
stiklies have ]>leees of the total picture. 1 he preponvierance 

of studlc:; <:uj,r,e5;ts th.at the c fiar ic t or i st io s oi teachers an-l otlier 
professional :uipport r.tafi are of considerable inportance Iti foster IhaJ 
stiiilent achicvo;!;eut . Iri adilitioii to tiie caliber of tl\e faculty and 
staff, their absolute nvir:iher and avera^;e salaries, as veil as the 
ir.echanics of tbiCir dc ve loprr.eat > appear to add sl^,uif icant iy to their 
cf foe I iveness • 

It is important to ro:r.e:nber ibat r.osl ^^tudios have di^alt 
vith a singular aspect of educational outputs-tested cognitive 
acliieveinent . Since few v;ould argue that the educational process 
benefits tlu? individual and society only in tlus one way, Increased 
efforts nust be directed tou-ard the task of identifying; ar.d measuring 
educational outputs and tiic factors which contribute to them. 
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C}b\PTKR 3 
THE PENNSYLVANIA PL\N 



Since most of the data used in this study were accumulated 
by the Division of E<:iacat ional QHiality Ai^sessmont, Pennsylvania 
Department of Fxiucation, it is desirable to provide sonc information 
about the genesis, character, and developcient of Llie Pennsylvania 
Kducational Quality Assessment (EQA) Prograra, also kno\Nn) as ihe 
Pennsylvania Plan. ^ 

Pm;po se s_ J) f the Pla n 

On August 8, 1963, the Pennsylvania lcr,islature passed ihe 
School Reorganisation Act (Act 299). Section 290,1 of the act directed 
the State Board of Education to 

develo]) or criuse to be developed an evaluation 
procedure desii;iu J to iTieasure objectively tlie 
adecpiacy an l eff ic ieiicy ul tr.e educational pro- 
^;;rar' ; oi'fvied i>y t he public :u'iiL">als of Common- 
v;ealtb. The ewilu ition procedure to he develf-ped 
shall ii\elade tc>it>. ru-aiuirini; the ac h i c'Vi»; K'u t s and 
PlT f orr-iance st iiJ>,iit :■; jmrstiiii^; all of the? various 
s\ib']ee(..; jikI couvac^; co:v{iV i s ini\ the riirrir\i]a, Tiu* 
evalniiioa nrorc^iure si\:ill he so cotu;trueted i\nd 
dL- vl' 1 (V>e J a.s in prt^\'i It* l',u ii sc'h.uU district u'itii 
ri^'li'Vi:;' o::; p.: !\i I i dila [e ti^itiK- d i il-c tor and 
a<lr"! i n i s I ra t or s ; ,or< rcadilN- .''.;ipra i i ii;> ci\i\- 
caiio:"»,I r : : : Mi^ e .]i\A Id r 1 t 1 na ? t- Vvitiioui 
di'].;y the St r'"\/,t i-j i !■ : ol I h'* district 'r*. t'd a t i cmm 1 
]nt)/,:M i. iesis uew K^: i^d ii:.di. r the amhot'it> of 
thi:; section to he a d; i i n i si r rrd to jMipiis s!m]1 
be \i >^ <l ] t!i«» ;Mn ol p: ivl i a unilor:;; 

evaluiiiMn of h seho.>l ei -irict riiul t hi' lUiu-r 
purpvi.'s set lorta in t lis -.uhd i v i ■; i ivi , ihi- 
state lM<ii-d o! h'!:> *iien ^'lail de\'ise pr it o !ir e 
stand J r as upon ex ploti^ui el tlu* t-valiiation pro- 



is basi d on l\bn ati(^^ il a 1 1 i t j^' \ o;e: ;nont in 
Ml pa/e nuvduas ruier to that jnblieatioa. 



i ll 1 V, < ]; \\\lrv 



noed for surl\ e\M 1 - 1 1 1 I o^i uas ap;Mi*iMit wlirn, in llu^ )A'arl;i^;s 
pT'i'c 0^1 1 ny; the enar tr.cut o\ r /. an i t ion Act, Uoih pri^poiu-nts 

ar.d oppoa^»:u^; of (.ho neajuu'o roli(\i on llio ohi.jivo tern "i;uUliy 
i'ci inN'j t i on" for dofiMise of thoir rospk.>ct, lv^» j^o^; 1 1 ii)us . Ilie obvious 
r^tiostiou l\\cv. arose: "Ju it wl.at quality eclai:at ion?" 

Tlio lop;islaLion i:'iphasi /oiij tlu' viso of Lb.o data by sil\ool 
ad^vin lii t ra tor ^3 in such i rianuor th.it t\\v. oducatioaal (lec l.sion--:iak(uj^, 
[u'ocess nay be fni|) roved. 

y}'}"^ js'}^ ^^i^ ^]}^:^^^sy ^ 

In nri effort to develop a co:p.pr ohens ive ii\struront winch would 
be capablo of sat l:r;f y ini; iho daivc to nioasuro oducational qaality^ tho. 
Pf/onsy l.vanla Denar i.'-nt of Kdncation has ostabli^^hed tlie Ton (loals of 
(^■aality KducatLon. 'Ihc choice of t b.o ton reals VsMy made after consul- 
tatloa witii "civic and professional leaders fron throav^hoat the state" 
(p. 7). liieso tern ^;cv\ls are surinari^cvl in table 3-1* 

It Is clear that the Pennsylvania Plan provides for a measuvcvieat 
of quality far different froa the Xsldespread use of expenditure data, 
(piality of inputs, or rieroly acliievcr-onr tests. The plan recognizes 
i::ie i ir^po r t ai^: e of sucli ^^j.ils as attitude modification rev',arding 
such areas as c it i 7.enshi]> , race relations, dru.^ usage, and the 
learnin^^ process; vocatioaal dG^.'elo[)nent; a ad <:?*oatl\'G output and 
potential. 

Data Collection 

The process of data collection has iimlergonc some ehanj^,C3 
^ince the inception of the plan. In the first phase (fall 196S) , the 
fifth and eleventh grades in 100 schools were selected throughout the 
state of Pennsylvania for the purpose of testing; the reliability and 
content validity of the nea surcs d eve loped to assess the at ta Inraent 
of the ton goa Is , 
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TABLE 3-1 



Pennsylvania's Ten Goals of Quality Kducalion 

Quality education should; 

I. Help every cliihi acquire the f^reatost possible untlcrstanding 
of [iinsuir or iierj^elf /ind appreciation of his or iicr worthi- 
ness as a n^cn/oer of society, 

II, Help every child acquire understanding and appreciation of 

persons belon^;ing to other social, cultural and etlinic groups. 

Ill, Help every child acquire, to the fullest possible extent > 

na s t e r y of I h e basic skills in the use of vo r d s a nd nunbe r s . 

IV. }{eJ p every child acquire a positive attitude toward the 
learn i ng process , 

V, Hc3p every cb.i3d acquire the habits and attitudes associated 
v;i til responsi !>le c it i/'enslup . 

VI, Help every cin'Id acquire :;ood health habits and an undor- 
^tatidin;: of the; con<litlon.s necessary for ria inia in 1 ni] of 
physical and eiv.o I ional v;c 1 1 -be in^; , 

VII. (live every child opportunity and enc onra;;enen I to he 
CI ea live* in (>p,e or nori' I'iA^ds of endeavor, 

Vl'il. lu"'lp everv child understand the op]H>r t un i I i es open to bin or 
her lo ])rL';Mre for a pituhictive life and help each ciiild to 
lake full e.dvcinta[;e of tlu'se opportunities, 

IX, Help every chi}d to uuvk-rstand and approve ia I e as ri^uc)) as po.;- 
sible of hn-.an ai^ h ievc; Tit in llir nalural scii-nces, the social 
sc itMices a;.d the imiMnities and l he arts, 

X. help everv cisiM to pr- pare for a v-Mrld of rapid ch inj'.e and 
tin i' orseeah vic'ritivls in vhirii cojitinuin;; education t )jrotj,^;hou t 
Tidal t Hie ;'.h,,iuh: be a utUT.al (xp^'c t at i v^n . 

.-r».irce : r iur.t l irna 1 * ; i 1 1 i t y Ar> - t s s: n n t i\\ i\ unsy 1 van i a (1 97 3) ^ 



In I'hiso II ol tla> plan (f.dl "a ;;t r.it. v f id rnt^Jor;^ 

.•;,ir'.;>lo of so.K' '37,G;'0 sLuilciits in /,fa.It>s I ivo an.! I'li'Vi-iv la ''(28 
illfforont sclicoLs" was (.'npLovtHi (p. /). T[u> data wfve rathereJ 
r.ruiily for t\\c pui'posi- of sciulyin.', tli'.' ir.t'an i a;: ( tin.- na.'M- r ica 1 
^;^,"orv^; ol)laiau\i for tlia v.u'ioiis i'.oal:; so cli ir: > i lntcr;;ri'tat I'ln of 
fii-^'alts could ho pr av to .'U'liaal-i In sii!' . acn t t t's!. 1 m^; . 

riiasc III inarkivi the boi^iaiiinj; ai:tuaL assi'r;s: v.'at . lk'>',in- 
nini'; with tlio fall of 1970, a iiaDln-r of si.-hiv-»ls h:\yc bcva as^;o.ss^:a 
oach yoar on Iht^ 1)asls of volunt.iry pari ic ipat ion. On t ho basis of 
llu! !(.•;•, Ls la I ive autb.or i /.at ion , tlu^ ne'.v f . j;,a laL ions riikc iMrtii:!- 
pafion !-i Muia tory , ami oae-lhit"tl oi all si-hools vUl I't' assi-ssod 
ivu'h year, ;U') that each school -.sill be eva.luated oiico every tliree 
years. The sainples for th.e perioil 1970 to 197 3 are fuiar; ir l/.ed in 
tabic 3-2. In a.dilition to tcstini; filth and elovcath j^raiios, asr.esa- 
n:ent will also be available for aeveatli, eii'iith, aiul nintli j;rades 
to satisfy the needs of iniddle. and junior hlj'h schools. 



TAIU.K 3-2 



KQA San-.plcs, 1970 to 197 3 



Year 



Fall 1970 to 
1971 

l-.ill 19 71 to 
1972 

Fall 1972 to 
1973 

Spring 1972 to 
1973 



j Nviriher of 
i Districts 



110 



^9 



8/* 



55 

96 



iber of j 

hools * f!rade i.evei 



89 

172 
53 

382 
90 

63 

143 



5 
11 

5 
U 

5 
IL 

7 

9 



Nvinbcr of 
S tudents 



26,000 
2.'i,0(J0 

! 1,000 
12,000 

23,000 
29, 000 

15,650 
34.8 30 



p. 8. 
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Adnunistration 



To avoid what would amount to rJonuncntnl--'and expensive-- 
under taking, " local school districts c;ust themselves administer the 
assessment. Data are gathered fron pupils, teachers, and adminis- 
trators* Th'-^-e data arc sent to liarrishurg, where* together with 
additional data on file, analysis of each school is carried out. 

F,ach school receives a School Report containing the following 
inforriaLion: 

(i) Tho school ' s ^-landing in the state on each 
of tlie Ten Coals of Qaality Education. 

( i i ) Tho s c hoo 1 * s s i a nd i n y, relative to a c iio o 1 s 
oj^eratini; with a siiniLir set of resources. 
Tor exanple, the Appalachia school v.^Lh 
li:ni(cHl rosiKirces is noi expt^ctod to natch 
t lu: acljleveruMU of an arfluent sii[>urhan 
school vich a vastly diifereut stvuk'nt body, 
facul ty and fii:ancial sujv^iort* 

(iii) The schoo] ' st^indinj; un each of tiie differ- 
cm re sou OS (as .;any t virtv-^fdur ) wliich 
are i r pieycd in ^^f*!.t in;; the "'K'Vel of c\vpec(.a- 
t ion" cited in (il) tlvil "sinilar'' sc'hocls 
ari; inccL in^; . 

(iv) I'lany Anu !iow : iny 1 ov studtMit ^;C(>res 

t \ L r c Wf r t' V, i 1 icli c owl i < \1 to the a v e r a *;e 
SL\.w e---^iciuv) 1 scoro- - c i 1 in { i ) * Student 
rcj- 1 1 i.'S I o so 1 i/c I i ( i.-. . 

or 

S t Uviet: I ic j> 1 i ' u av ]<'c I <. J ^; roups of it e:ns 
(^;i[v;c.i]t's on e.K;n goali (pp. lO-jl), 




t;^/<^:it, stiKi*'iUS pr(jviiio .moiiynuu s mo that 1 tl rn t 1 1 ic n t i mi 

ot" liuiivt(!ual replies i:i imposs i 1^ li* . I'Uc relative ^;^ iti 1 ia^, o;\ 

v>u*h oi ihe ten >;oals i ; provliK\l lhro,i};]\ ihc of nulivjUe 

ro*;res s i analysis, i:i whieli «Moh N<*hool'ri i<corc is preileloJ oa 

liiL h:Kiis of lis stan lin.; on a nu: her of ex]) l.iaar.ary Vviria(Wos. 

[l\cA\ school, t hen » can co::;pave its aclnal :;t a:: ! in;,; \iln the predictive 

(relative) s(.a;uiin>;. Ihe Scliool [Report also provides eoaf idence 

i o r va I s f o r L he p r e^ 1 1 e t ed sc o res. 

'i'he Iv ,)A tl Lvisioa clairrjs tliac c ho restii^s of the assess- 
ti'.tsU. pro^^'aii liave indue'.ni a nunber of c[ian;!;*,cs in tl^e sciiools, 

[no lud itu; Lhe fol lovinj;: 

1 , V at: V i I L y an d, s \mi[ e n t s hu'.n an r o 1 a 1. i o a s ne o 1 1 
c:( indue ted ; 

5 lip roved the. ^'luHnaniicio/^ of the secondary 
t'acul ty ; 

3. ('liaiVsod e:::[Mi-isi\s in ^Lifdance, pa rt xi: ] a r I y in 
are<is of s^* 1 i -es tcern; 

A. [U-jvisvon of socia] sfadii-s curriculvin; 

5. fnorcased culcnral prc/;ran with FSuA Title L 
funds i 

6 . Concent rat ion on knowlcdy;c of differing 
occupa lions; 

7. I'asic chan^;os in readiji;; and nath pro^jran; 
S. lioalth education proj^rar; ciani;cd; and 

9. Teacher awareness of Con n^^^l^ (p» 15). 
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provide a ti^rtllo y^rouiul for lurtiuM* Input -o\it pat analy^^is 
of secondary i;chools. For r.ho parjuis^vi at luuid, data fiiva MiC 19/1 
to 1972 sarvoy for fifty-throe sr^coailary soht.ols h.ivo Vr^cM conlMUod 
wltli additional data coUiMTtid by Kulias (I97;j. Iho aaa.ly^^Ls aoro, 
moreover, will v;o beyond tl;e S^liaol Report, providiuv; aiiiclonal 
n uiarA'''i'-'nt Information to affected scl^ools. 
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CHAPTER 4 
INTUT-OllTFUT ANALYSIS: 
SINGLt:- AND SIMULTANEOUS- EQUATION SYSTflMS 



Allhoiir,!i the School Report (prepared by the KQA staff in 
the Pcnnsy 1 v.i!i i3 Departr.ent of Edvjcation) is based on multii^Je 
rcf^rension iiua lysis, the r\iin purpose of the analysis is to estimate 
equations which provide the best predictors of eacli of the leu goals. 
To tliat end, ail of the available inputs are used as the basis for 
tl;e predictive r.odel, although each equation in the nodel concains 
only a sr.iaLl subset of all inputs. The iirtportant distinction 
belveen llie analysis and the present analyses is the intended 

use of i!ie re^;ression analysis. If the purpose is merely to predict 
the [;oals, then it maker* no difference which inputs are entered in 
the equation. A step-wise pro^v*'^^'^ vhich selects the *^best*^ equation 
vMlliout any a p^^iori^ analysis is perfecLly satisfactory* However » if 
llie rep.ression coi^f^i^icJcMt s are to be used for mana^;cr.ent decisions, 
a preat deal oT care nvtsi be exercised in the st» lection of variables 
for each of the equations. 

Moreover, the entire KQA analysis is cast in tcrias of a single- 
erjuatic-n esti::i U ion proc-dure . Since this appi'oach ijvaoves possible 
interactions ai.ong the outputs, t!ie possibility exists tlMt the estiinales 
are neither u:*hiased nor consistent,'^ This cliajUer ihert'fore explores 
belli tlie clioice of expl.tna tory v<irit'd)lcs and the utili station of 
s Irj; 1 1 anerju s- eq i 111 t i on sy: te: is . 

^\ctu.illy, two i^s:i< s riust hr settled: (!) I dint i f 1 cai i on an.l 
{2) fst l*'at ien» For thoruu;\h dfscussiuas of tlu'so is.sues consult, e . , 
\v\ (liJ]), r-.i,>',vM- 7, a:.; .h^;.nsu:n vha]^lr^s 1.! and 15. 
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AIt))ou^:!i cvliir.i:. iou il piocvs ; c u^noi hv to an 

or^liihiry product Ion process in olia^r onrrtpr isi^^; , liu-rc nre certain 
>;cuoral si:nilar 1 1 los which pornit broai ^^cTicral i;Ml ions ahoal Llio 
cdnc.i I ion.iL production process. As is the case in ^niy prodiiCLlon 
process, the ct-senLial iu;;redlents — the inpntis-^iuur; t sor.iohow be 
t rariSt'orDcd into outputs* Hence, we nn^;t be ah Lo to identify tl\e 
following;: (I) the set of inputs wlilch i:; invelved in the educational 
process; {2) tlie outputs arising; out oi tiMt process; mul (3) tno 
chnr.ic tc^rist ics ot tlio process itself, i,o., the nature or shape of 
the production function, 

'idle ideal: L f ical ion of each of these aspects of t)7e educational 

production process requires a great deal of inforrMtion and involves 

problems vhich ciust be surnounted before an acceptable production 

f^^uiction can bo established. Beginning with tlio inputs, one nuist 

first <I ist ingviish a:.:on^ several classes of inputs. For cxai;:ple, 

one inay divide inputs into 'Vsivlronnenta I" factors (such as socio- 

der;o;;raphic characteristics of the students and the comiimnity) and 

schooling factors (teaclicrs' attri!)utes, facilities, etc.). Moreover^ 

one could provide further classifications of inputs, such as inani- 

pulativc vs. !\onnanipula t ive variables. Agaiii, what is iT^anipnlatlvc 

depencJs on who is to vise the results of the analysis. Tiic variable 

'*state subsidy weighted pupil, for example* can hardly be 

manipulated by a scbool; however, changes in the subsidy level could 

easily be achieved at tlic state level and, to a lesser extent, at 

tlie school district level in Pennsylvania, where the subsidy level 

2 

is, in part, a function of local expenditures per pupil. 

I'erhaps the most t roub Icsome aspect of the input set is the 
obvious practical rcquirciient to make use of input p^L^^x^u^^s. For 



Tho so-called percentage equal ij^at ion plan , operating in 
Pennsylvania, disburses fun^is to districts in direct proportion to 
their local expenditvires per weighted pupil and in inverse proportion 
to their wealth, r:ieasured by valuation of real properly. See Cohn 
(197^0. pp. 52-53, and Johns (1972), pp. 277-289. 
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oxanplo, tho cont r ibuL I o'l or t cM^luM 'i to tl;c Jut\U Idim ! pro«iuctIon 
proccjJS rMV iu» iu/.rait i ii by suvih pr^>.:lr'; t l.v' qumlUv j;i<i .luaMly 
of tonclior lulacat iou. tL\K'^u.a' ariltuvU^s anJ cl.irsio^!; pr.irilccs, 

at best a?^ npproxir.at*^ r'oa:Uir<' for ti:o acln,!] Input?;; r;orecr,'or, a 
proxy r,u;.;ht ri'pr<^^U'nr: ivo o^' laar'i*, so!neti:::cs con t 1 ir t iiv'.> l!iput: 
factors,"^ It is th<irc^ I'i^ro crucial lhat tlw! Ir.puc set bo chosun 
critically, 'Vad that any l!iterprcLat Ion of tiu^ r^vailts ta.kc tills 
fact into accotiat, 

Oa the uur.pul siiii^, th.ore arc a^.a La f.ubstaal L^. I »! i f f icu 1 1 ios 
that inust h-s? rcsolvocl. Fir^^t* eda^Mt iou.il ontp\it i^; boLh abstract 
and r.u 1 1 id u;:ea:9ional in character. Its abstract nature roquiro.s 
th'it nporoxinato Indici.-'s be constructed to evaiuato lonj;itudinaL 
or cross-soc t i on:i I oaipnt dirierencos. Saci^ indices nust be 
reasonabl y accurate raid consistciit. In add it ion > it is lughly 
vu;iikely that any sin;;Ie diin.MU^Lon of education couid describe 
the entire coMiplex of educationai output. The heavy reliance on 
acli icvenieat scores in studies of educational prodvictioa reflects 
the experience edueaf: i."aal psycliolo;^ ists havj had with acnicvenient 
scores, but t'ne necloct of other outputs couJd greatly bias the 
overall observed perfoi 'lancc of Svdiools, 

Kven if ideal inpvic and output neasuros were available, one 
v;oultl still need to knov someth inj^^ about the process by wn ich inputs 
are transl orrnctt into outputs. t'ju'ortunately , one is faci'd vith a 
total lack of an acceptable and coherent learning theory vhLch could 
be used to snecify an educational production function (liowles, 1970). 
Rather tlian attempt a fornulatioti of such a t licory (which would require 
extensive study) > it will be assured here — as Liost researchers have 

For an excellerit discussion of this point consult Mood (1970). 
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ii"isu;:'ii;ii Svi i.u'--t.h;U .\ lliUMr n.' la t i < 'U^Ou p hrtvro;\ inputs .u\u o;itputs 
vouliJ provitic a rt\j ,snri,^!y 1 y .^'.it isf-u-f ory t\:i^:tioii. ' 

In )".(MiuiaU theii, If 0!u^ sp»;\:ttio.> n ourpniSj o^^t Q.^y (}^^; 
k school ij^j; injvas^ X^, X,, X, ; and n kw: lvci]v:i\)\ inpijis, 7.^, 

Z^^^^; the a llir >;<jnL'r..A I i prLvin^r ic^n Umct '**^a for Lhc on f pal 

1 ivcn by; 

(A.L) Q. - f(:<^, X. / Z,, 'A,,, Z ; u) , (il, n) 

J. L Z L i. \\ 

That, is, j;lvon ti)L! Icvol:; of the l nv 1 roEun-'Maln ] inpiit wet ^ oni^ would 

(K: ic'fni ino Q. accoi'd i ni; Lo cue- 3cv» ls of the X-voctor ar.d tlu^ randon 
1 

crroij VI. If iiic production fuuctiori hai; a liaoar forii» oquation (4.1) 
bocoraey : 



TTi 



(4.2) .X, 'i:^A. t- J:^^ ^KT^-. ^ iiuercupt + vi , , n) 
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wlu^re tlie a.,'s and tlje b, .*s arc thf. coef f ic ionts vhLch we seek Lo 
ji hi 

cstlmato. 

la t\w prcb^ent ccalext, tv/nlvo eciuatio:is of typo (4,2) nay bo 
of^Lirpated (one for eacl^ of tho t.v;elvc output r::oasures described in 
table 4-1). Tvo major problems arise In providing; such e:,tinatGs: 
(1) the lar;.^e number nf ln,vuLs and (2) : ,u It i eo I 1 i near l ty . '4n inspection 
of table 4-2 indicates that altof,oth.er v.e have data for fifty- five 
inputs. With fifty-three observations, there vould be iT^sufficlent 
der,reer5 of freedon. AU:o, nany of Lhe inputs are corrolaceil with 
u tiler inputs to a greater or lesser extent, and, as is veil known, 
sueh intercorre lat ion voubl obscure Llie true inpact of ea<:h v.iriable oa the 
outi>ut :?.easares» Tfie full correlation natrJx is piven in tb-^ annnndix. 



Michelson arp,ues that a Li^lear-addit^^'e relatioii could not be 
d'^scrlbcd as a production function in the ecor.oTiic sense of the tern, 
Ivtther, lie ar.;ues, such a relation provides "c^>- f f ieiLr^Cs ich desci'ibe 
in sore avuf-svie way tlie effect of th»^ inviepetvlenc variables on the 
dt-pendent Vcjriables'' (Micho 1 S{:jn , 1970, p. 153). Thi' distinction is 
b e t we e n a relation providing; ra r r i n 1 1 as o ppo s » ' d to aver. i ^* e effects, 
lo the extent that the production proci'ss is characterized either by 
s i'r'ji i f icant intc^ract ions or other ncn.linear characteristics, tJie linear 
function will obviously not provide the desired cstirriates oi tne production 
ftinction coefficients, however, to the extent that nen 1 i n^. a r i t ies are 
either ins i.^nu f i cant or otiierwise unimportant, the linear ^unction will 
be ,sai isf ac tory« 
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T.\:;i.!. A-l 



Sr.uivlira IK'V ia'. ions 





Ac i* on yn 


IV' sc r i p t. low 


a n 




I 


GOAL L 




S 9 . 1 


1.38 


2 


GOAl. II 


Undorslan j inv; Other.s 


90.7.'. 


1.45 


3 


GOAl. III-v 


Verbal Basic Skills 


16.08 


1 .35 




COA], lU-m 


Mather.iat Leal Bi:;ic Ski lls 


18.24 


1.30 


5 


COAI. IV 


Interest in School 


90.97 


3 . 02 


6 


(jOAL V 


C it L/ensli I'p 


1(1 i . 't 1 




7 


COAf. VI 


lloaltii HalUts 


119.53 


2.73 


8 


COAI. VII-p 


Creativity rctcntial 


60.7.'. 


1.14 


9 


GOAL Vn-o 


Creativity Output 


13 7.72 


3.30 


LO 


GOAL VIII 


Vocational 1) e v e 1 o p :r> c n t 


33.1? 


0.83 


11 


GOAL IX 


Appr ec lation of liuman 
Acco::ip I ish^rionts 


133. 93 


3.25 


12 


GOAL X 


r r cp a r a t ion for C ha n /,e 


106. 15 


2.23 



Soti^rcja: Kuhns (1972), p. 143- 

'For a more detailed dcscripLioa cotisulc Beers (1970). 
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TABLH 4-2 



Input Varl'ibKs: DeflnUions, .MoantJi 
and Standard Dovla'ilons 



Acronym 

INTtKRAC 
I. CK AT ION 

LlIiRARY 

COUNSKL 

MOHKSh 

^;OHKSG 

VAIJJKS 

attp:nl) 
voce 

MOCC 

OCKXPECT 

FAMSKS 

TACK 

1VV0S 

TCOIAJ.GK 

TI.OCAI.K 

KbACil. 
K} CK>} A 
TCAKKKR 

CLlKArT 
ISAlAHY 
1 F XVKK 

TS!:x 



Descr ipt lo:i 

Studk-'nt^s sex 

Kxposure In different races 

Type of coi'.rii.KU ly (urban, rural, 
suburban ) 

Ethnic or racial origin 
Accessibility of library 
Accessibility of couosolurs 
Boy's norcs 
Girl's cores 
Personal I values 
Student attend. Jnce 
Father's occupation 
Mother's occt}p<Uion 
OccuparionU de.^ires 
Occupat ional expectat ions 
I'ercentaf.e r:othcrs vorViiij; 
Fc'mily see ioiTOjiomic stattis 
Teacher ' s a,>' 

Toaclic-r's nvi;-!u^r of yoai s In present 
pos i t ion 

7y\>c of co])tf,L- fron which leaclicr 
graduated 

Focale vlu-re teacliers j;rai.UuUed fron 
hi[;h sch^v.^j 

!.ocaJc in vhic!) toaclieis s;'ent nost 
of Llielr 1 I 

Kducationil Icvul of tcachrr'^ trother 

Occupaiioaal level of t^arht^r's Italhef 

Fercept iv^n of actuil c h a r a c t e r i :;t li;:; 
i n f 1 i;*'nc i pr o i <>s s i o:\a 1 r i" :o,'n i t 1 on 

Ferciption oJ' iacal cl-ar .p- 1 ir 1 st i<'s 
i i\f 1 ui n*. i n^; pro f c s s i on a 1 n-royn i t i o a 

Toachf r caree r aspi rat ions 

Tcai hi^r sal i sf ac t ion 

iJif fi-ienc^ !i('tw,'t"ii real «ir:J 

J nf 1 u"ni.a s on e ! uca M on p i .: v s 

Trach'^r r F\'; ;ro(^n pract icr'^ 

T*."a^ hrr ' s ;.alaT y 

Teaclier * s t k-ac h i n^; ex'pcr 1 1 n :o 

Tcar)-,( r ' s Oflui; at ion 

Tract. or ^i ; 

(.r a>!'ial r s r . >n: { m 1 n-: L :.«• » t f^h;v M t\-> 
St.l t ♦ • "h - j' v/vr I r.l | J ) 



Mean 

1.51 
1.38 

3.60 

4.37 
4.59 
3.11 

3.22 
3.91 
3.32 
34.87 
39,11 
53.50 
45. 5S 

0. 35 
48.60 

3. GO 

^.78 

2, 30 

4.31 

4.40 
3.74 
4.12 

3.67 

1. 70 

19. 55 
38.09 

4.75 
1. 37 

. 4 1 

. ^ \ 



Standard 
Deviat ion 

0.04 
0.37 

2.01 

0.09 
0.31 
0.26 
0.18 
0.13 
0.15 
0,22 

10. 16 
7.14 
4.98 
6.73 
0. 10 

12,65 
0.57 

0, 50 

0.1 3 

0. 16 

0.19 
0. 33 
0.61 

0. 74 

0.26 
0.69 
1.09 

0.52 
1.3B 
562. 30 
2.68 
0.29 
0.07 

n.5i 

6 ;^,01 
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TAi:[.K ^'l (Colli iauo.i) 



INSKXAUM 

1-ousiNr; 

SrATKi^ 
BOOKS P 
C!Hl)ANCK 
IN'NOVATK 
ADA 

cue 

PRCO 

TI.OD 

AKK 

B:?Ar 

A>*AN 

a:vman 

?SUP 



Actual t^^:</^.ll•kot VJluca 

Typos of rc'jiiicack? iw cos-nnatLy 

iio la ^o'm\i r 

L rue t l-ou:i I r sonuc 1 / pup 1 1 

Mbr^iry books/pi];jll 

Couriso Lors/p up 1 1 

School iis.);;o of i iiiiova t ton ^ 

Aver<i^;o t^jlly at tcciJancc 

Cur t IcuUir.i i t:s/>;r.uie 

i'rop.ir.u Eon coofi LcionC 
(cKMchur -»pt;c lal L?.at Ion) 

Veichor loaJ 

Class ut7.e 

A V 0 r a e l' t: r " a i : 1 1 r r 1 1: u 1 a r 
L- vpc:i i i t nre / p'lp 1 1 

Ha i Id in.^ ra t to-unrol tr.ienC capac 1 1 y 
t^ in 1 s t r a : 1 ve d in-!ioiir s /pn p v 1 
Aux U iar y ir.i.^-hour pup 1 1 
St«j.iu:U7aca 11 -lie faculty r.itto 
Pa r ap ro f e s i i ona L suppor C 



23« 79 

91.45 

0.05 

0.002 
33.55 
932.32 
23.92 

0.50 
20.05 

66. 
K03 
3.93 
8.02 
30.^0 
56.08 



Stan. Iar J 
DlvI at Icn 

3.41 

0.67 

6.0^ 

0.006 

3.6S 

0.0005 

6. as 

3'* 6. 19 

0.09 
1.85 
5.61 

21.57 
0.23 
K93 
2.6S 
6. A3 

70.^1 



Kor A note detailed d i.^^c r 1 p t ion C(Mv:uLt Kuhns (1972) anii R-jssell <1971). 
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Ono wouhi bt' n> s^'l<'v-t. variable": lov t-.u'li *'qT-"' ' ^^^^^ '"^'^ ^ i"'-' l^'ii^l'J ot' 
Llielr c:«>n r. r I bul Ion lo txp la Lu lIk; mil put v.ulanco. In this riotliod, 
(Mil- von L! (HuUlinu^ :ui^l Inr. t-x;) I ana C vu' y varL^l^lc:; tO tin* ^<;uat:lon 
utUil tlK' a.Mitii>n ii) (tlu^ cot* t" f ic 1 tn t, ot" ikacn-tnaat it^n) Cm li^ss 
than a ju't i l io^l ai^vn al . ( liiis a:.oant. ni.:bt he ;;i L arbiLiaril y^ 
or, al tornal ivt' Ly , iVAC •:oaLd tcr;iinalo the al^ilLloa of varlahh^s 
wlu'U the ilLffcrenco hft.v/oen the R" durivt'c! vvaoa tlio :u:v; varlal:lo is 
addoil atui that dorivod before l\\c vari.a!)ie va^; addod Ls not statts- 
ticaJly .si,^;n i f icaiU . ) 

Aaotliot' altornaiLve would bo lo o:npl.oy principal conrpononLy 
or factor analysis to dortvi^ a sot of new variables fro a tho orij^itial 
input sct» TliO new j;ct of variables von Id contain fi'V/cr factors 
roproson t in 5; nost oC t lie variatii^a in the orij", ir.al data ^:ot, benco 
increasing; the auiv:ber oi de^', roes oi freedom ami the reliiuilLty of 
the coefficient Gsti:nates* Hovi:ver, the ncv factors so jjroduccd 
are uraially difficalt Lo interpret, so that L]ie use 01 factor or 
principal co":ponents analysis is obviously liinited, 

A t h i r d p u s : ; i b i I 1 1 y v o u I d lu^. to c o:n b I n e a j)r iov i s e c i 1 i c a 1 1 o n 
•;ith factor analy^ns. For exarijtle, if one wishes to oxarilnc the 
effect of various Lia a i pu la t ive varia])ies on educational output, it 
won id be necessary to express tinr;e factors in their ori^;inal units, 
iiowever, there is no need to soeciiy in the iV]ijation all {i>r soiie 
s>ubscit) of the vectors of env i r<::i: .en t a L and nonrr.an i pti I a t i ve school 
inputs, In itcad, prLna:ipai corrponeats of tl:e latter tv;o /.roups nay 
be conpuled iwai entered in e^piitfon aloi^p, with tho^;e nanipulative 

variables tiMt are tbLonp.ht to be) on;; in tho e,u-^t:i on a priori.^ 

In the fore^;oin/; discussion it has been assumed that it is 
aj^ipropr iate to cstlnate separaCo iaput-output rel.it lonships for c.ich 
of tlie outputs. llov'.'vcr, it is re<isonable to assume that the educational 
process is charac ter i ;:ed by stronp, intcrdependencies ar^ong t\\e 



Sijcii a sij?',^es t ion Is na(!e by Kendall (1957), pp. 70-74, cited 
In Johnston (1972), p. 329* 
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outputs. To the extent that the degree of simultaneity in t!ie equation 
syi>ton is statistically significant, biased and inconsistent coefficients 
will be produced when ordinary least squares analysis is cir.ployed» 
Consequent ly» a sinul Caneous-cquati on system should be specified.^ 

For the purpose of desrribiuf, the simul tancous^equatiou system, 
we distinguish between endogenous and exogenous variables, Kndop.enous 
variabJes are to bo deler::Lined by llic ir/jdel. In our case, the twelve 
outputs of the educational syste:n co::iprise tlie set of endogenous 
variables, v!iere:s tlie inputs comprise the set of exogenous variables. 

Since esthnation of the regression coefficients in the system 
requires tb.at th? systen be identified, it is necessary to exclude 
in each equation a nvuriber of exogenous variables equal to or exceeding 
th.e number of er.dciger.ous variables whicli are included in the ecjuation 
less one (Jolv.is ten, 19 7 2 , p. 359).^ One must, therefore, select different 
sets of endo>;enous ar.d exo^;enous variaV>les for each of the equations 
in the set. 

In general, the siKulianeous-equation sysiem will have the 
f o 1 lov; I ng, (ovv'i : 



1. ;''LOviug I s i :mi I L anro !:;-equa t i4)n :;yste:.i Include 
Vox (r.71), Lrvi:; (I'w ?). .-:i Mic;u'ls.'n (.1^/0). 

'Fi>r- IX.' 1" Mv* dur.r.jj.. ( ,)\^U\^^,'\)i^\l', v.iriables) art' !ncluvh"d 

in tu'' tivs; (io ; l i-.w. u;, - i oi e:vogisu»'i'^ v.iriaitles that nay hi* 

incli;.!, 1 in . ,ijSNn is - * 3- I » \.]*:\ k t hi^ nu:,.btr of exf^gi'iuuis v^iiiahlf 

In * hi' I :tt i re t-q^j r. i <.ai ?%i-t . 
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wluM'o Q^s art* Lho olKpuL^i, the XVi an.* llu' s-.I^^l^I -Vt' lat 1n;uils, 

I'u' ^' ' s arr tho t/iVvM iO!ii::rnt a 1 i.u't^if;, tiu^ u^; .ir^^ cM'rors, 
.i:ui tluj t's art* liio niiu:! loiial operatv>r,i Wt.-;cr ( b ; ir.; ilw. ui.iaritjr hy 
vhich iho sots ot t'Xi^laii.iLory v, i r 1 .i (> h.* s -.vlthia i]]c pa rc/atho ';r "J 
oo:;ilUiH^ to fxplain variations in cdcU ot t !u» oatj)ar:i, 

Since so:':o <>t the eat!or< ;ious and f ::o;^;ono\i.'; variaMos vill be 
oratttvl { roin each eqiiatjoa, the einpirical couaterjsart of crjuation 
sy.sti'r.j ('k3) woa hi be far r.ore iruncaieJ, Moreover » for the pvirpoaos 
of this stiuiy> only 1 inea r-^aihl i t ive fuiicLional fonn ; will be employed. 

The data einployed in tlAls iUudy wtM-e collected in part by the 
Penitsy Ivania Deiv:irtiuent of IMucation, Division of h«.l uea t io?M 1 Quality 
Asst:s:;i::ei\t > and in part hy Rodney d, Kubais {1972) in co<KKirat:ion 

with !)):QA. Definitions of the variable;;, alon;.; with their rieans and 
standard deviations^ are reported in table «Vl for the outputs and in 
table <\-2 for tlio inputs, I'ore detailc<l discussions of th(^ outpaC and 
input data are provided in Kuhns (1972) ind in Reers (1970) and 
Uussell (1971), 

Data Ana sis 

Aiialysis of the data takes th.e forri of :nultiple rc^;ressi(Mi 
analysis, includip//, botli sin.;le and s i na 1 taneous-uqua t i on es t ii'i'it Ion , 

As noted earlier, a. najor problem In tlie analysis is the choice 
of variab-les to be Inclvided in each equation, Iltich effort lias already 
been »;:-:erted in this re/,ard, and Lt would be presur.ptlve to clalu any 
saiperior expertise re>;ardin^j thio proper sin-^^cif ication of tlie Tr.odeK 
Consequently, what Is presented here does not constitute a coir.plete 
overlianl of previous work ii\ the area, init ratlier a sliift in e-ipiiasls 
and KMr^inal chan:;es in the ciiofcc of independent variables* 

Since tlie objective of the study Is to forr.ulate a model which 
is useful for ruina>;iTien t <Iccisions, tlie focus is on variables that 
schools can nanipula^e* Exa?::ples of such variables are INNOVATE, 
cue;, FRCO, and ThOD. At the s .:e tine, it is recognized that the 
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equations mist Include variables that describe environmental influences 
as well as schooling Inctors which nre not easily manipulated. 

Tlie followiat»j approvich was utilized to specify the sets of 
explanatory variables for eacli equal loiu Kuhns*s nodel, v;hich was 
based on the sar.e daia and also placed an eniphasis on manipulative 
inputs, serves as the initial basis for the specification. However, 
instead of choosin^^ in each equation a subset of the envircuiii^entai 
variables (based upon t ;tc step-wise re^^ression prop,rain), all of the 
ciiV ironi::t'n t a 1 variabJcs were subjected to factor analysis » and four 
factors, taKcn together, **explain" n'ore than 70 j^erccnt of the 
variance in that set. The arvouyni for tJie itii factor is s;iven by 
SbFAC 2. 

tsc of such factors restricts the intcrprctat ion of t }\o results 
rep.arding stiuh nt ciia r^u' t er i st ics and otJier eru'i ronniental variables. 
Kiiile it ni^Jil Ijo interL-.st ing to find out about output differences 
aroa^; the races and sexes, it is assuncd here that the schools cannot 
do /Lnythini', a]>out sex or racial co: :pos i t ion . SiniJarly, it riipjit be 
intcrcT.t inp, tu find tiie extent of output variations due to l.ocational 
d i f f e rf'Uv'e;: , lut, a;vain, ihc sciiool K],ina^;ers are powerless to affect 
Micb variables. 

The re/, rc^;sion results are rcp'orted in tables 4 --3 tlironpjj A-I'^^. 
T"t;i' firsL colir.n in eacli tabh; provides re^;ression results reported 
by t hi- i) 1 V i s 1 ' )/t Oi Kd Licat i ona ] i^uality Assessment (DliQA) of the 
PcuTi sylv.ju la IVaart:".ent of l.ducrjtion. Tl^e result;; are based on a 
study of ru'Vral y- three sixond iry schools in the fall of 1969. The 
v.triablcs c!iO..; ii in eacli c-t;uation were selected on the l^asis of a 
step-v.use r^':'r<':is ioi; j)vo.:i {UPRTC) . Tlie second colunui in e ach of 
t]]o;o ta!)]i:: i',;(»rLs t lie ^e;.•,res^; ion results ol>Lalned !>y Kuhns (1972). 
In that study, Kiiiii^ exai-iTud d.ita pertaining, to fifty-th*ree secondary 
sehvils in Ui e fa}! of l'//!. In eidditioa to tJu^ data r.^an* ra t o<l by the 

Knhns j^ itiiert d i n f o ? a t i tui nb-^vat acidiLit>nal r ani pu l*i t i ve 
vari. bles, i ;>.^ 1 1 ■ .1 i n i , VIa.Ci, TLOD, CSi::, AKi:, KKAT, AX!:\N, KSHAT, 
.tn 1 l*Sri', Spei- 1 1 : cat r>! the irodel was also dLaernlned by the 
! ^^;] • i on t * v ■ 1 iie . 



19 



TABLF. ^-3 

Pvoductlon Functions for Caal 1: Self Concept 



Exi-ilan.nory 
Varldblii 



Goal ni-v 
Goal Hl^:-! 
Coal IV 
Coal VI 
Coal VU-r 
Co.il VJ 1 I 
Coal IX 

I. DC Al ION 
RACE 
COUNSKI. 
VALUES 

TSTAHL 
TKi/UC 

cruiAN::K 

ADA 



DKv:)A 



0.273 

(2.es) 
-1.3;? 

<2.C9) 
(3.12) 



1 . 

-0.3;? 

-O.OO'iS 
(3.0*->> 

1 .9 i> 
(1.10 



(3.^7) 

-0.0271 
(1.^>S) 



0,5191 

(O.K.;) 



.101 



A I tern U ivo MoJt'l s 
(U (2) 



0.06A 
(0.20) 

0,026 
(0.13) 

0.077 
(1.22) 

-0.0!^9 
(0.74) 

-0.0S7 
(O.^S) 

0.959 
{^^.37) 

(0.17) 



0.7 23 
(I.KS) 



a. 1 1) 



i3S. 



<v>2 



0.60^ 
(1.16) 



-0.027 



(O.SS) 



S f niu 1 1 a n ou s b ys t cm 



(l.ox) 



0.310 
(1.00) 

(0.3-W 

D.013 
(0.20) 

(0.56) 

-0.055 
(0.22) 

0.643 
(2.40) 

0.0S5 
(0.84) 



0.!>0S 
(K07) 



-0.014 
(0.32) 



57.3^9 
(0.1^) 
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i 






i.it Ion Syston 






Kxp i.m.icory 






AUern.u t 
( I) 


(") 









-0. 1806 
(2.00) 


-0.223 
(2.5^0 


-o.oso 

(0.9>) 


-0.046 
(0.56) 






0. liU 
(1.91) 


-0.033 
(1.02) 


-o.ooy 

(0.23) 


-0.00-3 
(0.31) 


r\KE 




-0.0095 
(1.10^ 


-O.OOl 
(0.12) 


-0.007 
(0.95) 


-O.Oll 

(L.^8) 






iT 1 f> 1 1 
' f 1 ' I J 

(1.90 


'J , L iO 

(1,17) 


U . i. 

(1.09) 


(0.4 5) 






-0.2416 
(3.42) 


(2.94) 


-O.ISO 
(2.46) 


-0.121 
(2. 10) 


FS?AT 




-0,0967 
(1. 72) 








ShVAC 1 






0.231 
(1.37) 


0.209 
(0.92) 


-0.039 

(oas) 


SF.KAC 2 






-0. 602 
(4.0/.) 


■0.366 
(2.42) 


-0. 378 
(2. 55) 


SKFAC 3 






-0.097 
(O.SS) 


-0.099 
(0.66) 


-0. 146 
(1.04) 


SKKAC 4 






0.065 
(0.39) 


-n. Ill 
(o.;i) 


-0.]33 
(0.83) 


{ iitercept 


63.39 
(12.82) 


76.52 


92.30 
(25.40) 


03.10 
(17.33) 


25.46 
(U36> 


c 


0.61 


0.51 


0. W 


0.66 


0,66 


F 


9.03 


5.20 




6.21 


6.21 




0,^75 


0.967 


1.006 


0.312 


0.S12 




/3 


S3 


S3 


53 


53 



S'^njrc*.* w For n5".0\, I'nr.putcr prlnt-<vjt furnishot^ by the Division oi £«lnc.itlonal 
Quality A'i;sc-;sno:U , TcKis/l v.s:i la DcpaiLnent of KducUion. Vor K<ih:is, Kuhii'? (197 2), 
tible 5» p. 71. 



S'otcs: "= roefflcK^nt of tie tc rn i t Ion adjusted for decrees of frccdon. 

SK:. ^ st.ir^iird error of estlrito, 
Nun^irs in posrenthoscs .iro t-r.itlos. 
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TroJucvion Functions for Coal 11: Under st jnd inR Others 
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C,o.\\ Ill-v 
Gaal in-n; 

LOCATION 

j;ooK?r 

SIAFFP 
MORKSH 

PC j'm;; 

TCOU.KCK 
1 i'OCC 

7CA>; i.y.K 

Dis.;i;ri' 
fa:: ;rs 

A'l.V 

(' iz 
a: i: 



S i n 1 c - u a t i o ti S y s t on 



DKQA 



(4.60) 

-o.o;5 

(1.34) 

(2.32) 

1.777 
(3,12) 

3. 320 
(3.29) 

-2.318 
(3.22) 

0. 3?3 
(3. 10) 

-a. 279 
(2.13) 

0.772 
(2.44) 

-0. 3^-0 



(:.4f.) 



VUilms Alternative Models 

(1) (2) 



-1.9V 3 7 
(1.^4) 



-1 . :\')2b 
(1.02) 



-0, \:.\] 

(3.3-0 
(1.3 5) 

(1 .'j:) 
o,0(^i: 
C'.i-j 

0. 1 I'iS 

(l.I > 



~0. > 



»1,2?4 
(0.&7) 



-0. 3V7 
(0.9 !) 



0. ^ 'nV 

f 1 . i/) 

0.^03 
(2. ^0) 

V, t ^3 
(1 . V.) 



(1.1') 
(v',V3> 
(1 . S'. ) 



0.261 
(0.93) 

-0.039 
(0.16) 



-1.33] 
(0.89) 



-0.317 



(0,4 3 ; 

(J .:v; 

O.tf'Jl 3 
0.9"^) 

0. i 

(I.*'/) 



-0. r 1 ; 

(1 .< :> ) 

(I I, a ;; 
(t . 



Sinu:lt nneous Syston 



0,052 
(0,17) 

0.020 
(0.07) 



-1,324 
(1.04) 



-0. 324 
(1.04) 



(0.33) 

-0.072 
(1.39) 

I). 00] \ 
(2.33) 

0. ] 37 
(1.3H) 



0 . 33) 

0.010 
(1,00) 

'1. Ihl 

(1 . 70 



















1 Li 1 I L vl il L U U .a O 













Kxp Ian itgry 















(1) 


(2) 






0. 06?)0 




. 















PSUP 






~ 0 . 0 0 3 






0.12) 


(0.36) 


(O-ll) 


(0.29) 






0,.>53 


0.653 


0.806 






(^.00) 


(2.37) 


(3.02) 


SKFAC 2 




0.230 


0,254 


0.237 






(1.33) 


(i.^'^S) 


(1,61) 


SKV'AC I 




0,056 


0.030 


0.042 
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se :-AC 3 


{ 
! 




-0. 15i 

(Kin 


-0.031 
(0.74) 


-0.117 
(K07) 


StfAC 4 

- - 


1 

1 


. . . . 


-0.016 
(0.]2) 


-0.19^ 
(l.ro) 


-0.250 
(2.09) 


Ir.tcrc £ 


i 




5 '4. 3 9 
(18.11) 


(-0.33) 




('O.n) 


C 








0.63 






1 20.64 




4. n 


8 . ?H 


ft . 2 % 




i i.io? 

1 




C. 931 


0.6^/^ 




N 


i " 






53 












Kuhu'i (l.M^j. 


\.\h\i 19, p.^^. 






u I .-rrt r . 


■ /-i ,M. .T .i f :.i 
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TAUi K /.-U 







Tunc t io;\s 


lor Goal V[ [ -0: 


GriMt I vl tv i\ 






-* • * ^ 

. . 




Hit 1 c:\ >\s t. tM 


* * 


S 1 ir.u 1 1 -1 lu ou Sy B t Pia 


F.Npl.r.i.Uorv 
Variable 






AlUin \ Li 
(1) 


C) 












• 




Co J I V 








-0.278 


-0.273 


Go J I VI 








-0.095 
(0.40) 


0, 162 
(0.57) 


Go.il VH-P 








1.330 
(3.23) 


0.811 
(1.53) 














rSTA3L 




-4.9351 
(1.76) 


-2.403 
(0,35) 


-2.718 
(1.03) 


-2. 741 
(1.25) 


R.\CE 


-2.813 
(/..80) 












0. 

(A. 10) 


0.2142 
(2.66) 








EVF0R1 


-0. 186 
(1.06) 










SEX 


-10. 373 
(3.16) 










LIBRARY 


1.376 
(2.53) 










LOCATtON 


-0. '♦26 
(l.H/0 










PC1>M 


-5.9W 
(2.29) 


10. 3527 
(2.06) 








TAGE 


0. 358 
(1.71) 










SUBSIDY 


0.007 
(1.42) 










MORKSG 


-2.001 
(2.04) 


-9.206? 
(2.43) 








TSAI^NRY 




0.0021 
(2.13) 


0.C013 
(1.71) 


0.CO16 
(K64) 


0.0019 
(2.21) 


TEDUC 


-1.243 
(1.53) 


-2.9251 
(1.46) 


~2.3B 
(1.35) 


-1.969 
(K03) 


-2.427 
(1.45) 


liOUSING 


-0. 33? 
(0.73) 


O.9064 
(1.09) 








TLOD 




0. 2905 
(1.13) 


0. 153 
(0.57) 


0.006 
(0.CI2) 


0. 103 
(0.45) 


CSIZ 




0. 1852 
(2.22) 


0. 121 
(K32) 


0.019 
(0.22) 


0.063 
(0.78) 


BHAT 




-4.2561 
(2.22) 


-4.509 
(2.21) 


-5.650 
(2.83) 


-5.959 
(3.23) 






-0.1*^27 
(0.90) 


-0.251 
(I. 31) 


~o.:oo 

(1.68) 


-0.265 
(1.75) 
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tabu: ii-ll (Continue a) 





















S Inglc-KquaL Ion SysLtn 




Simultaneous Systcra 


V^irlablo 


DKQA 


Kuhns 




Alternative ^!oL'ols 
(0 (2) 








0.0103 
(1.69) 


0.003 
(0.70) 


0,003 
(0. 76) 


0.007 
(1.17) 


SKKAC 1 






0.937 
(1.63) 


-0.288 
(0.^5) 


- u ■ UO J 

(0.12) 


SEFAC 2 






0.317 
(0.72) 


0.061 
(0.13) 


0.163 
(0.30) 


St:KAC 3 






-0.814 
(1.82) 


-0.238 
(0.33) 


-0,507 
(1.23) 


SEFAC 4 






-0,593 
(1.30) 


-0. 175 
(0.3?) 


-0.436 
(1.00) 


Intercept 
2 


(21.79) 


177. A2» 


147.72 
(H.30) 


J29.f)2 
(3-21) 


126, U 
(2.92) 


K 

c 


0.62 


0.599 


0.17 


0- 36 


0.36 


F 


9.93 


2.6S 


1.92 


2.95 


2.95 




1.63 


2.80 


3-00 


2.64 


2,64 


K 


73 


33 


33 


33 


53 


Sou? ro-^ 


: For PiI'.QA sl'.« 


UiSJe A-3. 


For Kuhus, 


K'.ihns (19 72), 


toblc 2] , p. 91, 



NoLfs: = coufllcirnt. of dctcr;iiri.jt Ion adjii'^tid for do^'.rces of free don. 

SFK = sUiniJ.ud t-rror of r :'^t i r..u - 
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Kxp lin itory 



Coal I 
roll Ill-v 

Co J I V 
Co.il VI 

CoAi vri-p 

Co J I IX 
S TAP Ft' 

voce 

TiATISF 

tmf:duc 

RFACTL 



S t IK U' - r t ; . J 1 o [I S y s t »• : i 



(1.13) 

0.052 
(3.5S) 

1.936 
(3.3?) 

3.779 

-0. 292 
(2.in 

0. 116 
(1.71) 

0. MS 

0. :■); 

(3.01) 



0.9296 
(1.32) 

3.1SU 
(l.A^O 



(1.09) 

-0,2U2 
(1.77) 



(U {I) 



(3.6j) 



-0.179 
(0-57) 

-0. 195 



0.052 
(0.^.6) 

O.OU 
(0.19) 

0.02^* 
(I. 00) 

0.0G6 
(1.67) 

0,022 
(0.21) 

-0.029 
(0.067) 



-0.295 
(1.33) 

-0.2U 
(2.03) 



0. 3^9 
<'^.^3> 

0.079 
(0.5/0 

-0. 133 
(KIS) 

o.ou 

(0.93) 

0.07 2 
(1.52) 

-0. 127 
(0.7^> 

0.003 
(O.O'O 



-0.2^W 
(1.31) 

-0. 186 



TSA1.\RY 




0.0003 


0.000?* 


0.0002 


0.0003 






(1.54) 


(1.69) 


(1.25) 


(2.09) 




0 . OS 3 


-0.0799 


-0.076 


-0.0-^3 


-0.06^* 




(^.06) 


(l.SS) 


(1.^9) 


(lae) 


(1.6S) 




0.023 


0.0033 










(2.69) 


(1.09) 








TFOCC 


0.375 












(3.^.2) 










cue 




-0.0'.5l 


- 0 . C 4 2 


-0.022 


-0.025 






(3.17) 


(2.61) 


(3.95) 




PRCO 




3.820S 


3.K6 


3.561 


3.H05 






(3.50) 


(2.52) 


(3.93) 
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TAhlj: h-M (Continued) 




















Singlc-Lq'iat ion Systcn 




Simultaneous SysteE 


r«x p 1 n u ■! t C ' r V 




Kuhas 


Alternative Mcxiclb^ 
(1) (2) 


^_ ... 






-0.1SS9 
(3.57) 


-0. 197 
C3.A6) 


-0.064 
(1.50) 


-0.072 
(l.Bl) 


CSIZ 




0, 0'472 
(1*^5) 


-0.026 
(1.3i) 


-0.00009 
(O.OOfj) 


0.007 
(0.51) 


AXMAN 




-0.0^27 
(1.13) 


-0.030 
(0.73) 


0.031 
(l.OS) 


0.023 
(0.91) 


KSRAT 




-0, 07 3 3 
(2.39) 








SKKAC 1 








-0.05? 
(0.45) 


0.50 
(0.36) 


SrFAC 2 






-O.lDl 
(0.92) 


-.239 
(2.95) 


0. 26S 
(3.21) 


SKFAC 3 






0.0'i5 
(O.^'O 


0.022 
(0.3C) 


0.0^5 
(0,07) 


SKFAC 






0.135 
(1.39) 


0.022 
(0.27) 


-0.031 
(0.12) 




(18.37) 


78. 7^. 


86.20 ' 
(27.86) 


37.80 


^.1.55 


c 


0.6'* 


0.^2 




0.75 


0,75 


K 


IK (.7 


5.28 


3.8S 


s . 


8. SO 








0,/j32 










53 


53 


53 


53 


Sr. ,:y p ; 


: Vi>f :^ ^^ 




For F-sii-ts, 


r;oiirr-; (1^72) 


. r,a»lc 23, p. ^^3. 






! 11 li i rr n r 


I -1 11 i<i*;. 


for .li'iT 
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» for Cv>.j1 


IX: A^^iTi'v i K luu of lluiium 


Accoripl I shrike [U h 



















S 1 i 1 .'. W' * i " ■ j 1 








Kxpl.in.Uory 
V.ir l.)bU' 




Kuhns 


At tcrtuu Ivo Movic'la 
(I) (2) 














~ " 






















o.3s; 

(1.20) 


0.616 

( 1 . V / ) 


Co.ll IV 








0 . 0 
(O.i?) 


-0.083 

< 0 . 5 J ) 


co.a V 








0. :69 
(2.5.H> 


0.292 
(2. 70) 


Coal VI 








0. PJ3 
(1.27) 


0.137 
(0 . /9> 


CojI VII-p 








l.iU 

(3,3'0 


1,212 
(3 .OS) 


Coil VI It 








-1.166 
(2.02) 


-1./W9 
(2.01) 


Coal X 








0. 170 
(1.21) 


(1.38) 
















1. 102 
(1.63) 










TPPOS 


-0.362 
(2.55) 










MORKSB 


(3.71) 


7,2731 








VALUES 


5.5::^2 
(3.22) 


'^4. 1945 
( I • / 5) 








OCKXPLCT 


-0. 192 
(1.71) 










ATTEND 


3.66/ 
(3.VJ) 










TCOLLECE 


(2.03) ' 


-8. 2897 


-6,335 
(2.1^;) 


-3. 375 
(l.'*3) 


-4. 11 i 
(2.09) 


PCTMW 


6.836 
(2. 03) 










STAKKP 


(3.26) 










RKClDtA 


1.933 
(3.03) 


U 7509 


2.573 
(1.S7) 


1.920 
(1-77) 


2./4O6 
(2 . 38) 




0.093 
(2.97) 










TSTABL 


2.921 
(2.73) 












0.335 
(2.33) 


0. 1806 
(2.11) 








TSAIARY 




0*0015 
(?, 70) 


0.0013 


O.OOl 

n.9o> 


O.OOl 
(2./42) 
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TABLf: 4-13 (Contiaucd) 



ENROLL 
CliC 
TIOD 
FSRAT 

SKFAC 1 
SFFAC ? 
SLFAC 3 
SKVAC ^ 

I nturcfpt 
c 

F 

ski: 

N 



Dl-QA 



-o.nou 

-O.0676" 
CI. 2b) 

0.01) 

(2.05) 



(^.33) 

0. 65 0.x> 
11. i: 6.V6 

1. ^^ 2.?.; 
1 3 5'i 



Al tcrisat ivc Models 
(I) (3) 



-0. lo:? 

-0.099 
(1.^*5) 

-O.OOi 
(1.C6) 

(0.98) 

<3.91) 
-0.13 9 



365. 8S 
(16.06) 

S3 



-0.03D 
(0.63) 

-0.155 
(0,91) 

-0.071 
(1.28) 

-O.COl 
(1.16) 

(0.37) 

-o.3?':i 

(0.B9) 
-0.126 

O.i.35 



61.73 
(1.33) 

0. n 

1.66 
53 



Sjruj] taiicous Syscecn 



-0.024 
(0.55) 

-0.204 
(1.35) 

-0.091 
(1.6S) 

-0.002 
(1.81) 

0.0^7 
(C.ll) 

-0-3?5 

0-017 
(0.07) 

0.5H7 
(1.03) 



68.49 
(1.72) 

0.74 
9.16 
K6G 
53 



K'J^^.> ()9J?>, t/,Mi.^ p. ^f, . 

■ r J s M t inn <>' ; -i t r ) f t.^ r <j ( v' f s i ■ i f r i' t .U<n . 
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Kxp l-nui tor / 






AUt-rn^i 


: h o >t<A!r Is 
(2) 


















Go.tl VI I -p 










0.?1? 
(2.16) 


1 .090 
(2. 60] 












0,0 ;5 

(0. 33) 


-0.097 
(0.63) 
















VAI.'JKS 


10. 

{h. 


CO 














1 I'* 


109/ . 3^56^ 


l't;3.933 


I ♦ 1 I . I 

(2.30) 


(3,0.) 


eojKSP 


0. 1 JO 


-0. 1363 
(1..'0) 


-D. 1<U 


- Or 100 

(1.12) 


-0 . 090 
(1.22) 


CLFHACX 


y T 
\ «- ■ 


; J y 


-0. 3361 
(1.70) 


-0.3/1 
(1 .67} 


- 0 . 6 1 
(2.22) 


-0 . A 60 

(2.6H) 






73J 
/ ; 












-0. 


; 1 3 


0. 3232 
(i.8.0 


0.162 
(1.80) 


0.5 72 

(i.y2) 


0. 392 
(2.29) 


TSAL\KY 




0010 
L6) 












-2. 

Ci. 














1. 
(I. 


:9 3 


-6,6997 
(2.19) 










-0. 

(l 


7j) 










MOCC 


0 

(1 


7 J) 


-0.0756 
(1.39) 








KAMStS 


CI 




0.0957 








ie;x?ER 


a 
(1 












TCAHKKR 


-0 

(1 




0.61?/, 


0.919 

c.ro 


0, 90^ 
(2. 23) 


0. 863 
(2.66) 




(I 




0.09^7 
(2.26) 


0.037 
(1-^3) 


0.036 
(1.9^^) 


0.0-S3 


>:0K KS 3 






0.9397 
(0.36) 








ADA 






o.ooo: 

(0. 20) 


0.0002 
(0.13) 


0.OGO3 
(0.68) 


0,001 
(1.08) 


CUG 






-0. 1671 
(3.37) 


-0. 171 
(3. 39) 


-0, 137 
(K2;) 


-0.169 
(A.l/.) 


TLOD 






-0. 3929 
(2.0?) 


-0.2'^9 


-0.201 
(UCO) 


-0.211 
(1.37) 








-0. 1931 
(1.33) 


O.OSl 
(1.23) 


0.062 
(0.97) 


0.03? 

: (0.66) 
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TAHl.K 4-U (CoutinuL-d) 





















. Ion Gys^ 


en 


Slriultaneous Syston 









(1) (2) 








0.2702 

V 1 • f V / 


0.302 
(1.72) 


0.3.^. 
(2.12) 


0.37? 

\^ . / / J 






0.2756 
(2.85) 












-0.0074 
(2. 03} 


-0.006 
(K33) 


'0.0G4 
(0.96) 


-0.00^ 


SKtAC 1 






0.196 
(0.^7) 


-0.25^0 
(0,66) 


-0.^52 
(1.1?) 


SKFAC 2 






-0.031 
CO. 09) 


0.186 
(0.55) 


0.081 
(0.2?) 


StFAC 3 






-0.2^^6 
(0.79) 


-0.U8 
(O.U) 


-0.05S 
(0.2O 








0.335 
(0.50) 


0.115 


0.260 
(0.9^) 




95.99 
<9.JS) 


)33.60 


103.89 
(U .00) 


3'*. 72 
(2.74) 


(2.67) 


c 


0.53 


0.^7 


0.30 


O.M 


o./*i 


r 






2.^0 


3.00 




ski: 


2.0^ 




1.87 


1. 71 




N 


73 


53 


53 


53 




Sou: ( 


: For 






Kir:^n:: (1^72), 


tnhlr 27» p. 9B. 




c 


^cSi-nl of dv'ttr 


'n;i.it Ion 






Si-.K " rtani 


irii iTfor of e- 


i -r.U icK 
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The third column in tables A-3 tlirough ^-1^4 reports results 
for an alteriuUlvo slncl^-'-^^'^i'^^^Ttioi'i nodel, utilizing, Kuhns's data. 
It Is similar to the DEOA and Kulins models insofar as only Input 
variables are included as explanatory variables in each equation. 
It differs from KmIihs's iiodt;! in two resiJects: first, nil of the 
envlron^i^ntal vari ibles are oni tied, ar^.d the four environrr^cntal 
factors Sr.FAC 1 to SKFAC 4 ari: included instead in each equation. 
Second, an attevipt has been nade to riiiovc froin the equations variables 
wliicli appear to represent o'l.ipn^-'i limn jnjnjts (such as OCDKSIRl:, 

OCi:XPi:i'T, HOLDING, and POSTCRA])) as well as variables vhic)^ are lii^Uily 
correlated witli other variables in the efjuation, (For oxaniple, it 
does I'Ot seen\ rea'^oiial) le to include both CSIZ and KSIO\T in the sa:ne 
c-^juatjon, since thc^ correlation between these two variables is 0.86; 
siniilarly, LNROhb and ADA are [ji^hly correlated (r - 0.8S] so that 
only one of thuse two variables vould be retained in any equation,) 
The coi>:»equence of the s])eci f icat ion approach wouJ d l^e to reduce the 
explap^atory povvr of the node 1 ince iaihns*s specification was 
based o:^ na:-: ir.ii t i on of ir--bul: It was };op<'d that tlic reliability 
of l\u: rc;;ression coefficienis would be ^s^'duuiced. 

The fourth ct:>lurin (Altirnative Mode] 2) differs from tlie 
third eolu::n (Altt rnal ive Modi j .1) in that a niinber of outputs are 
irtcludeJ in the i^'t of (^■':p 1 atta to ry vaiiables in eacii of the equations. 
Tlic outputs c'noS'"n for oacli equation vcpresenl t-bc'anrjorj juJ^-jK^nt 
of l)u: author, vliich w<is influenced [)Y tliscussions vitli ]U'rsons 
fanilia: with the data and the educational process. The inclusion of 
output var iables in the equat ioiis takes into account interactions 
arjon^; (he outj)ut ; .uvi affonis co:::']Mr i scnuj between tlie coefficients 
of Alternative Models 1 and . 

The final cola n i:) the tables repoits the structural 
c oe f f i e i e:it s for tlu' s 1: .ul I u tC)us- equ^i t i en t::odel. Tise spec i f mm t i on 
of that :eiel 1:. ih-ati.M! to il^.ii of AltriiMtive '[idol ?, exce]U 
tnat \\.'.' o;jt:eit v.i!-:.iM' S in the expla:; \lfuy ^:et s a:e treated .e; eiui(5*- 
y*i ne>' ; \ :ri, ihles, ! t:;e I\\*-St n'v" I -M^a !' pMres leehniq ir is elili^u'tl 

Sh;! f«u I h,e i: u 1 t .iiuoti s- e*; ' ; a t i on i^uiel .we l./reu Iri'i resj^et t vve 
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v.iliiivi obtain. .1 Tor Al t otvi u i Mo;i^*l ?. , 'ilils ;nk>b.tblv niuliM t.-si iv.UA'S 
the I'xp laua t or y pnwiu* ot t lu* s i: ;u 1 1 .i;.ro!jr,-i^c]uat i o;\ r^uiol., l);iL mo 
Llu'ori'iieal ly valid aU I'lMMt, ivus are available as Vft. In .my ovotit 
th«* i^ffurt was not to (Mxi-^/L' wov sianilJ It he i::a[i»sl tba?. 

th«,' :,:a:<irii/at loj^ l)!' R" 1;; in- kM-.ssar ! 1 a ptir"ar>' olyj L Lvi* . 

The s iria I LantvniS"-f>;Ma I iv)n lochaiijuc als-) ;"ia:.;it:5 ll.o ^'(.v.puf. a t loi^ 
of tb.o rcviiuajvl-t.arri eoiM' t 1 Iviil.s . Tl;at is, by solvfay; a I lua I la 1 ly 
thr* sysCciu ol tva'lve equal Lous la Irtww of Llir t'.swlv-j ouLpal:;, i-t- i^i 
po:-.:-;ible to i^ei'ive coefflciont estiruitcs lor oaeii oatptiL, L!u:luc![ag 
irrMtt.s in ca:.'h oqaaiion. The ailvaataj;o ol' the rinitsek'd" I'oni cu- 

ufficLunts over the DilQA or \ahas i.unle-Ls is thai i iv:^ Int o rae I ( oiis 
ar^-op.;.-; the Out pal:; are Lak'ai into aceooat. The roihjeed-fom coeffi- 
cients are prefienteiJ in table 



Aj>j.> I i c l1 t i. o a s 

ft v;oulvi be fruitless: to fle.scribe the re^'.re:,^; ion ro^iiilts for 
each of the ootpats without :stM::e ap;>l i eat tons in -i^and. Therefore^ 
i t !^ I.* e :na that the be fs t wa y t o h i i;h L i ;r; h t c 1 ; e r e s u J t s vo a 1 < i be in t lie 
lovin of applications to whii:h tlic results nay be pat, 

A vofvl of caution !:iay br; appropriate at tlie outset, It should 
be vecop,nize<l tb.at the result:? reported In this slu<iy cannot bo 
acet!ple(i unc r i t ic i L 1 y » Tis.ae are proble:.;s in tl.e collection of the 
data> in the reliability '>r bati's cut, put and In pur '.leasurt s , in the 
coris iderab le i nf ^-rcor re 1 M i tliU. n: lii^s in the various equations 
despite c^fforLs l.o r^s^v - i\ , fi^villy, in the specification of 

tl^e nodels, i c^] i . \ : . ; . (,,^1 v^-], jr c.inld he <hu^^ witli 

suc:h results esc <ss- i ■ : ' ■. . ■ ' i:;fiLd that the datt^ and the 

under lyinp iiod ."ir^ s;!. 

Interna! Heal I or ir :(->:• ri: ^' \r 



School principals couli» ii: pri:ici;>!e» b- ;;lvts^ sufficient 
flexibility to reallocate rc so^irces within their school:;, subject 
to ,sor:e constraints, so iony; as total expend i tutia; rerpiin fixed. 
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Tnr o>;,ir.[ilo, siuoiuLvry ol ifh" I j^i i \)c }. I von ";?t.lvMi to 

salary ol $1(3,01)0 aal {2) hive {[iivcw iivulivT:; at .in avcra>:o >-alary 
of $h,6f)7. In Chr^ first ln:»la:u:c!, t]\c ly[>ical teach. r.h;l;C possi^sr. 
>;i"cvit(u* provLoas t'xpor IciiC'.v a.tvi/ur iNiacat lona L triiniiV'; thui u«.hi1'.I he 
the caso in the s«»c<jnd optlua. Mowv^*!', wllh fit'lv^ca loachors, the 
principal coul/l oxpaiul t\u: cm r Lrai I u;:u a:v[/or rodacc tho toachia'.', 
load, ar.^i/or roiluct^ i\w avorav;a cla:;a tii/.c (provided cnoa^^h i:las:;- 
ro on s ' v . 0 o i s a v. \ i I al) I c ) . 

Supposo, for exart^plo, that a school lias an enrollnont of 100 
puptl:> and ot'Iers 2Q0 acadcr.ilc hour,s' per veek of i'l'^ftnict icru If 
ten teachers arc lured, the teacher/pupil ratio woitlil be 0.1, and tho 
avera>;o teaching; Iviad vould be tweiity hours per v;eek. If fifteen 
teachers are hired» t]\e teeclicr/pirpl I ratio wonJd be 0,15, and 

the leach.inK load would be only 13.3 hours por week, Suppose, further, 
that the school principal vishj:i3 to increase the students* verbal 
skills, and that the avcrap.e experience of the tv;o sets of teachers 
would be identical (the only difference hotveea the two sets bvyin^-; 
the averaj;e educational level), Tron ta.b.li^ ^4-3 it is seen that the 
coefficients for tlie teacher /;-Mp i 1 ratio and teaching; loa.d, respect iv^^ily, 
are 15. 1^6 and --0.111. The difference bet:;ecn tho two options is 
given by a reduction in teaching; ]o<^d of 6,67 and increase in rhe 
toaclier/pupil ratio of 0,05. Iho total effect is jviven by: 

Chan^;o in Verbal Score - 15.146 (0.05) - 0.131 (-6.67) 

G. 7 5 7 + ,374 
- 1.63 

Tliat is, the rGp]acer^:nt of the ten expensive teacliers by tho fifteen 
less ex]iensive ones would result Ln an i:; crease in tlu: verba l-sk 1 1 Is 
score of 1.63 — more than a 10 percent increase over the r.ean score 
for the fifty-three Ponnsy 1 van i a scliools. 

It should lu: noted that no offsetting* reducti<Kis in the verbal 
scores are calculated for tb.o a] le^^,ed eftect ot th: reduction in 
teacher "quality** (resulting; frorr, }urin<; less expensive teachers) on 
verbal skills, Hov.ever^ except for TEXPKR, none of l)\c variables 
supposedly relate. 1 to teacher qualUy have entored tlie equation, 
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Morc'ovor» there is a negative (tfiou^h not statistically significant) 
coefficient associated with teacher experience. If tlie noie 
expensive teacluirs are riore experienced > as is usvmlly the case, 
then it is po5^.sjj^Jc tliat the anticipated change in the verbal 
score reported above would be fiven [i^reator. 

The results indicate ihe potetUial improveitenls in verbal 
skills that r;rv/ be ruaped by eUau^'.in;; the raix of teachers. This 
is not cpiitG so ^ asy to ir.\\)l vivjtnl as it i:>ay seera at first si|:,}^t, 
becansi^ teacher luring ar.d firing is subpjct to collective barj;aininp, 
n^;ree- ents. Fur ther:. ore , r^h.ouL prinrLpals all too often luive no 
dec i:; ion-n.ikin^;, latitude in this respect. Never tlieless , the: results 
do in'licate an area v.'here internal reallocation of resources night 
enhance the productivity of the school system. 

One probU:"[ that rivist be considerc^d In this regard is tlie 
effect of the proposed chanj'.e on o^thor outputs* For example, \\ow 
does tlie c!ian[;e affect student'-/ attitudes, health habits, and 
vocational dcve lu;K:en t ? Consider Goal I: Self Concept, Table ^4-3 
indicates that tlu" reduction In teacher load nii^^ht, a>;ain, lead to 
iniprovr: ^L-nt in se lf conci^pt . Hov;ever, a reduction in tlie avera^;e 
educniinnal ievr 1 of the teaclv-rs is lil'ely to result in an opnos'ite 
ef f Ci t , Since itlier cool f i cIl iit is stat Isticil ly si|;nif icaiu , 
one i;?i'^'.ht conch:. lhac tht^^ ovt^ral 1 efiect of the \)ropased chan^^e on 
5ieli conLLpt is probably r, i], but the weed to assess tiie iinpact of 
the redact] (Ml ii\ I lie avera^ii^ educational level of the teacliers 
reriains, Moreovi-r, an inr- p^ ct ion of talOe ^e-4 > for exarr.ple, reveals 
tViat ,j rtducticm in the tevrcliin); load is likely to reduc^^ th*.- .score 
on (a>il H: I'nd. r:: t and in); Others. A similar effr*ct is shown for the 
feduclion in sihiry. Tiie i . j i cat ion of all this is that the scljool 
decision r.iker r.usi woivji ti:e iu^nefits i ro:^ a ch.jnr.e in one output 
(surh verba] i.kijh,) ap.nn .l losses in other out[uils (sucla as 
u!vjer '.I a:Ki i!i>\ ot ii^-r :,), I bv- dc*:if;ion r;:.iy not ])e siiiple or easy to 
rj>'.e» b jl (onsistt :>{. i..':a:]is of the type fn'iv;cnted hi' re vunl<l ,:{^ a 
liin>; V iv l:i (.aMMi^';; ?a:h^u>l ^:.;:M^;er:;enl ju-rsmu^el to Inciter 



rhe rr^Nult,s f;ur.^;^'->' .^.'vcrjl i::pliiMl ions fr.r in,\!\a.:r -•■nt 
do i\oi rc'inlro cii\\rr ii^'W* r»,M!i^:iu i riviinn*coj-, . lor UA<L«,>le» the 
iKso of 1 fiiio v-U i vt^ :n*.u' t i by toarhvr;; could cnh.sacc output, :\y» 
couM ohaniV.':^ in Lcaoiu.'V fvat is I aot. ion a!><l vahu's, In tahlo ^V-IV* 
U in t>bservLU that, ^vcaicr uso of in;v^vativo pr.n'tico.^i (I'iNOVATK) 
an! v;reaLor rt\tcl;or job s i L i s lac i io]\ (TSATISI) aro likoly lo iucroaL;(} 
thi' score on (ioal X: Picparvit. ion lor a Chan>;in^''. \.\>rUI, Auotlu^r 
ox.:::p]o is lh^\ coo t* 'J ic ionc ol Rr.ACTk (-0.186) Li^ Lablu i lul ica t inj; 

a Lower score on Goal VHi: Vocational Dovolopr.^jut as roro loachern 
pe r c e L V 0 p v o \ y \ ! . lo n a 1 r c c o ;;n L t i on to be a c ] i i c v o ( I t h r o u \\\\ p e i s o a a 1 
rc! lat lonsl^ ipa (such as rapport with ciuntrai office or ini:iodi<Ue 
supervisor) ratlier thaai quality and cpiintity ol vau'k completed. 

In addition, the results sur'i^esl district-vide i:;ip 1 Lea t ions 
rer.ardinv', stich matters as ilesirable teacher charvi<:ter ist ics, use of 
j^uidiuin'^ perruu^Ui^ I. > auxiliary rnafino;v(U', oxtracur]* icuLir expenditures, 
parap*rof ess i. -a A I support, or Lil>rary ri^sources. A co;;ipLcte discussion 
of these pass i!) i Li t ies is beyond the scope of thji present researcli, 
and Liie reader is nr;;cd Lo exanine the results in detail re^r'.ard int; possi 
Inlities for both reallocation of present resources or the allocation of 
nev; resources. 



Pi-ed i ct ioil 

The HM i n purpose of the da.ta collection activities of the 
Division of Kducational OtialLty Assess::cnt in Lh^- Fcnn:;y Ivan i a 
])«>p>urtr.on t oi i'ducatioa is to enablt: scliools to (! LcU"r.i i n.e tiu.» extent 
to vbich th'27 aclncVL' an output level consistent '.vlth tlieir input levels 
If rhero are n schools in the systcn, tiuin we co:;pute for (ach school 



wh^Te Y. is the prtviicted level of the output > Y, for the ith school; 
I 

a, , a are tiie k re;;resslon coefficients for the i)rfMhiction 

0 1 k 
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function of Y taken iron tables throu^'.h A-IA for the single- 

equation nodel.^; and t ^ble A~15 Uu' the siiiuil taneous-equation model; 
<in<l Xj is the level of the jtli input observed In the ith school. 
When the reiiultM cbLainod by Di^.JA, Kuhns, or Alternative Model 1 
tire employed, Liie production-function coefficients r.iay be used. 
In the ca.SL- of a r.inu Kaiieoas-cquat ion riodel, ti)e struclural 
{juoduct ion-funct ion) coefficients arc not appropriate because 
their use •/ould require a nriori prediction of some of Lhe outpuLs 
in ordr'r iv prCslict c^tiicr outputs. "iho reducrd- f orm cchM" f ici cnt s 
in tablu ^'t-H ovorco::,,- tlvLs prf^blcn, providiu}", coefficients 
useful for predictive pvirj>oses v; i thout the nL'cd of prior prediction 
of the oa t pu ts . 

Tl;e rinin tiiru:>i. of the Di'-OA analysis is that schools x^'itli 
different ii)]>ut levels oiipjit to expect different output levc^ls, 
Henee Y would depend on the levels of student, coi:iiaunity> school, 
and instruct ional-'SLafr inpuLS. T!ie Scliool Report, sent to j^acti- 
cii^'itin;; scho<;ls liy iJhQA, contains predictions for each school 

for (-ach of Llie outputs, alou[^ v; i t b. a prediction intervaJ (p.iven by 
Y S::^) ^ 'Ihe position of tht^ ;[ctua! schocd score (Y) is also 
noted. To ihc extent th it Y is v;ll[iin the prediction interval, th.! 
it:ipj i cat i c\u is tint I h'>r sch::jul i^; Join;; apprux ii,ia tely as it should, 
Sii-iLirly, if Y is Ic^ss than V - SKi:, the s(dh)ol is ap[).irently less 
ju-oduc-tive than it s::oul(i be> ,']nd soi.je remedial action is rocotijuieuded 
(bur son, ]'i7 2). 

Cone U«vlJ uj_: Clor./it'nts 

'1 'le i\nu ;ylvania dita previdi' a nu::.bin' of insi..'Jit:; for school 
riiua. :t:^uiL p^isonriel. I'r^>:erly i nl e ipie t ed ^ tlie result:; jdioul(i l)e 
'juiti' useful. A: the ,o ti:e, it iMi s t be r eco/'n i ;'.ed tli<!t both the 
d,tt I ard the .malvsis less th.in ide.'iJ^ :a> tli.U r::.i!i.i.'r;.:r"nt <iec i ^; i i>n>; 

:d.ould r;Ot rrlv e lu 1 1 y o:\ J he vi s t a preiarU * d heie, MvM'eovi'r, t 

b; i" " I isi.it,: i iiDr o^' i-;li:'Mte. 

er|c 



LMju.u io[j jjysto.is rt'P'M tfil in lUiw chapter proviso only i>.iri i.iL 
(■xa::>tu.it U)a of I'ffrcL v)L various l!s;>tit.s 0:1 t!.L^ t>v<>tMn lov<»l 

overcoino this lUtilculty. 
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CI!APTI:R 5 



Tin: oumir i;;ijkx: canonical correiattons 



The anaJy.sis of the preceding chnplor provides a limited 
vise of i.!ipu t-onipu I ai^ilysis for cduc."! t ioiial n;"!TKU;e: len t boccmse the 
regri^. s ion cot^f f K: i out s--v;he L ];er in the sin^; le- or the s ii?.n 1 tnneovjs- 
cqiMt io:i mode 3 s-'- i nd i ca to the expected el) uu;e in any one ovitpul due 
to cit.iii '.es in one or T-,ore inputs, but not in tlic overall level of 
educate in I output. An index of ovitput vdnch takes into account 
all OL the outputs could b? u^►C'd to overeo::u; this problem. 
In i'lddition, an overall cut put index is necessary for a number of 
a p [) ] i c a 1 1 o n s , i n 1 u ^ i n r, n n anal y s i s o f e c on o:a 1 e s of s c a I e in e e o nd a r y 
sclioolr;, and for tiv? d e.ve lop: ent ot a tea.^her salary plan based upon 
the i)rodui: t ion-fu;"*:- 1 i on concept. The output indexes presented in tliis 
chapter are based upon the canonical correlation techni(iue.^ 



Canon i ca 1 Cor re ] a I i ons 



The techni^jue of canonical correlation is desJ^uied to assess 

tlie d».':;r».'e of ass(?cJation betvocn tvo sl-Is oi variables. Let one 

of th v;i' sets be d^-notcd bv Y,, Y^, V and the second set by 

1 2 n 

X ^ , X ^ , . « . > A . In t h e c a n c»n i c a I c o r r a t i on a na ] y s i s , a c a n o n i c a I 

cor re Lit ion coefficient Ls co:'puted su c'n that the correlation between 

n 

tlie veir.httni su;'i of tlie Y's> ^:lven by ^'."^'p ^^^'^^ Ibe veirjued sum 

n * ir] 

of tii.' X's, i:iven bv v.X., is iTiaxirii^'d. Of interest in the 

pii's^nt .naly:-is lIt"^- :iol s:i i:i:h the canr>nical correlitic'u c Of f ! i r i en t s , 
!»ul ratiivr the w» ■ i .iits, v., v'lich are as.afclated with tiic rvixi-.ai;; 
c.itu-n 1 1 correla I i 
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; M t . < i ^' / ■ J ; , j » t ■ : ad , : .'I I- , d vi 
a K*. [:'■• t^'c:ini^:' ; lU- a«v»'La>iai: ji i- ' a. .i t i on a 1 



a 'a ta t 



•a-I h-doL.; ;r , 
> ^ ^ » ; I 1 a I .a :• ( 1 - ) ; .oia . , 



a : 



: 1 . s o!i 



.v.itpats .i:v! y^vt ni t lu- I fie ln;'uUi. llvis, I 1^^ -v'ri r i:e 

r-;i"5i»;: loa ! ontpal w»M:'h:s^ a;: I ,u'o i!ie re spi. t f Vi' (ups^ vv'ly^hfs, 

lo the exteiU l]\M vmii' eoeM .issu t !\.U cMiLpuls ;tie L he <nite(v:jV'; 
the li'.iUif.iM t h»' output \.'el):!\t.s I:uli<Mre i he rehnlve i, ;5'Ut a^ee ot 
each ot t iie eulput^; Ui exhi!>ited h;,* che i :i]ju r -eu t pn I <!.iie.. Th^.s :,.\y 
!m' a priuiuet o\ so;;e e'.;;Kselous rM:i e.;e;Me];t cIcn; 1 ^; iens en li^" part of 
:».hool jdiiinl Mrnlor:;, -or it e^n^hl result fro.: tl)i^ iiUrrphiy of 
K>rco:; beyeii.l c(^:itroL ol schi>^>l Ukh-i in i :;L r a t or ('>.:aM [\oir aa i pa I a I Ive 

ie.pnts are also iaclu.le.i in tlw iapur. set). ('.oiisecpuen t 1 y , ic vauJJ 
;Tot he surprislnp, if wei>:]its pi'oJuee'l by the eap.onLeal correlation 

ttM:huv<;ue coaflicC wiL!\ tiie '.s'o i ;;ht thai so :e a.i;'un i.sLralors belLcvo 
s 1 lovi 1 i\ h e a : ; i j^t cd to the o vi t p u t s , 

Once output veip/ats are o]>t;alnocl, an output ludc^x could bo 
c orri p II t e d a c c o r cl i n \; to: 

2 

i-1 

2 

\vhere Q^' is the output index, and Is th.o ^;quircvi c<inonu:nl u'cif^h.t 
associateAt vitli the ith output, • Q-^^ cuuhd then he co^^putcd for 
each ^cho<J , and analy^^e^j utllL/.lnj; such an index n:av take place. 

Oil I put ^ndexjes 

Ti:e PonnHy Iva'Ua. data hvive been utiltzed to rierive a, iMirabor 
o f o u t p \ i t i a d e x e , ' i 1 1 e inch:; ::c s d i f f e r J r n r i o no an o 1 1 ;e r; . i c c o r d L !i 
to tlie set:; of input a'ad output virietbles that are ine lu ieri in the 
tnanouiCril r or r e la t icn^ .ivM lysis. Ta]>le 5-1 provides a list of out- 
puts and inputs inchricd in each of the e.n.onieal analyscii. 

Til' first and r^.^cerrl cauv^ncai analyS'S^ differ only in that 
the variible KOLI) [ ::G sa s included in th<- secead^ but not in the first, 
aU'ilysis. laat variable lias been included in the is\pnt set by DKQA 
ami by KuViU^^. Ho-^evt/r , it appear a ti^nt !v')I.a [ ':''t represent :i an f^i_/-pnt 
of t hi 0 e d ■ 1 c a t i 0 n a I !e/ s 1 1 > , i n d i c a t J r. p, the d e r e e t o vl i ic h the s y r; t e ' J 
has been successful in retaintn:; stadent!^." The two caavucal analyses 



For a sinilar arcunent, sec burkb.ead, Fox* nm! hoi land (1967) > 
vl'.erc a sinilar variaiUe was rei^aia'ed as an output variable in tho analysis. 



are intended to ^^rovldc a cornpnrison between the rosultinc output 
Indexes and to indicate the effect of ch.mp,ini^, the oiitpat mix froi.i 
twelve to thirteen variables. 

The third and fourtli canonical analyses likev/lse provide a 
def:criptivc test of the sensitivity of the canonical output weij;1its 
awl ri':^u] t in-.; output iiulexes to cl^^nges In tlie sets of inputs 
incli:ded in the respective canonical analyses* TI)'jj.;> while botli 
tlie third and fourth analyris contain tlie sa;:.e output sets ar; tlu". 
fi:'f-r analysis, ih'j nu::.ber of input variables increasc-s fror^ thirteen 
to fi>t ty~tv;o iov tr.e t!)ird run and to forty- seven input vari-^hles for 
tl;e final run. We note that the inputs in the fia'st carionlcal analysis 
are based oa iaihnsVs "propo.^;cc! niodd" wliich includes r.ainly i i<in Ipu lat ivc 
variables. The input set incknieri in tlie third nir. \.'as chosen on 
tl;e basis of a so;:;c:u'iiat revised list of variables enlerinj_; in'o the 
sin^',1 t*-e(iuat ion neJel develojied by r^ilins, ^/nereas the input set includec 
in the final Cvinonical analysis contains all cf the input variail^js 
in the data set, with tlie excej^tion of inputs which appear to be 
proxies for cutputi> (OCnKSIRK. OCVll'lXW POSTGR/J), and UOhDlN^;) and 
inputs vdiich are hij'.hly correlateJ with other inputs in the s.ir.ie set. 

The norr-ali?.eJ eanorjical welejiis for t]\e outputs in each of 

the analyses arc rcj^orted in talile 3-2. One is l::-::.ed i a te 1 y .struck 

by thi! conf> iderabl^; variaticju a;:one, the sets of weii'.lits, al tlunieji the 

variation between tiie first and second sets is relatively s;'iall. 

It should be noted, !u;;/ever, that the output indexes are bast^i on tlie 

2 

s(^i:ares ol tb.e canonical coeJiicients (v, ); hence» a shi 1 1 m sip.n 
but I'iox in ab!»oKitc value of a veii^Jit between successive canonical 
anaiY:-.es v.oulil liuvc no effect on t'ne output index. Moreov^M" , even 
If tlic various ^.et s of vei\;!its are sub: .1 an t ia 1 ly ditfcrenl froM one 
anrMher, it is still p<>ssihlj iliat l lie output indexcji WiAuld be 
iiii'hlv coTrci itei» so t ba t ia :>rarticc it would ne: f:al;e :::uch 
difii'ii-a e vhicJi o^ tis' :;et ^ ^ms choscu fur the devt»loprent of tlie 
ctit pu« 111 icx. 

iable j-^ pvovidi's .-ii i Uu ;^ r .st iv^n oi the nanner V>y whirh 'he 
i:\:f'\ 1 '> ce,.:ut c lie; tie eanenical ^.'eii,ht:; lor a ])artie:ihir 
?;cli>cl hw-^ol A). ihe jt vcls rf tiie tvrlve out pu: *. in that school 
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Input AV,.] OiU[)nf V.n-i.i)>h's Inrlti-iol in ih,^ 
C.mofi U*.ii ilovi'c 1 J !: ion A;; 1 1 v uvs 



Out put V tr [.ilUi 



12 



13 



12 



Coil I 



Coal [ 

Ooai X, 
HOLDINO 



Coal X 



13 



n 



TSAIAUY , 

ADA, cro, 
piu:o, ii.OD, 

CSIZ, AKK, 
niUT, AMAN, 
;V\?!AN, FSIUT, 

VAMS!:S, 
TSAl.AKV, ADA, 
CUG, PRCO, 

AKK, lilUT, 

ama::, ax>l\n> 

FSRAT, PSUl' 

SKX, LOCATION, 
RACK, ].I]JRAI;Y, 
MOKKSii, MOIU-SC, 

VAijjF.s, rocc, 

MOCC» PCm\ 
F.VISKS. TPPOS, 
TLOCAI.K, 

TCOLLr.CK.TSrABL, 
TMFDUC, RKACTL, 

Ki:c iiu:a, tcahkkk, 
TSATisr, nrscKiCP, 

CLPRAC [\ rSAf.ARV, 

I liouSi:;;, staff?, 

^ [-OOKSP, r.lJIIMNCK, 

]:;:;r.VAi F. cue, 

PRCO, TF/);), CSlZy 
.\.F!-. , n.'.'M', vV* u'CJ, 
;\:C!AX, FFKAT, PSUP 
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TABLE 5-1 (CoTuinued) 



0.it put 
Index 




Nurjlicr Acronyiiis 



Cox] ] 
I hroiiy',h 
Coal X 



SEX, IM I'llKAC, 
LOCATION, 
RACK, LJBi^AilY, 



COUNSLL, 

VAMi]:s, Ai /i::n), 

FCTMV, FAMSi:S, 
TAGi:, TPrcs, 
TCOLLKwi:, 
VLOCALi:, TSiAin>, 

ui:actl, rixwoka, 
TCArj:i:R, 'i^^atisf, 

DISCRIT, CLVKACT, 
TSALAKY, U.XPiai, 

ir.DUc, Tsi:x, 

IXSl-XADM, LITOXT, 

KXiiOM, iiovsixr;, 
ir;NOVATi^ cue, 

VRCO, Ti.C^O, CSIZ, 

AKK, AM.\r;, 
AX : IAN, rs!;AT, 
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Nv)r.:ui 1 i Ca;^^lUcaI V;cii;!u.s tor V.iriinis lupii l -(J;if put Sl^I: 





us ^ 


Sf 


r I 


Sot 2 




■? \ 








r 


n. 


10 S 


0 . 1 0 


-n. 


13S 


-,) . 


0 0 


Coa\ 


I \ 


0. 


k 'to 


0. 




0')7 


0 . 


300 


Cox 1 


M f-v 


a. 




0. !|70 


-I) . 


0 c 


n. 


•55 


Co.! I 


; [ 1-n 


0. 


O'j'J 


n . 1 !i 


-0. 




-0 . 


'.. 0 3 


CrO.l 1 


[V 


0. 


2h I 


0 . 


0 . 


lU 


-0. 


i:!G 


Gual 




-0. 




-0. 


-0. 




0. 


i U u 


(;oal 


VL 




l^G 


- 0 . .1 3 n 


n. 




-0. 


3 5 1 


(:oal 


V I I-p 


0 . 


Ol.S 


0.153 


ij . 


131 


0. 


10 8 


<;oal 


V U-0 


' 0 . 


lUO 


-n . rn i 


-0. 




-0. 


237 


iJoa 1 


Vi I I 


0. 


^05 


0 . b2?> 


,. n. 


2 1 2 


0. 


2 2 7 


Coal 


IK 


1). 


'IGS 


0.031 


0. 


0 ? 2 


-u . 


u38 


(kia 1 


X 


-0. 


2 33 


-0.31/ 


0 . 


31i"i 


-0. 


113 


UOLUlNt; 




a 


-0.175 




.1 




a 



Ihi:; output vis not iaclu;lv\l ii) the oi!t;i)iif: sot. 



TABLE 5-3 

Calculation of an OulpLii li*dex: An 
UluLJtraiion for "Scliool A" 



Value cf Gca] 
in School A 



89. AS 
91 . 05 
15.52 
18.71 
9/.. 02 

170.81 

1 22.1 U 
00.7 2 

137.21 
?,h.()2 

If. 6.. '.7 

K)9.;o 



(.'cinniuc'jl 



.006'tOO 
.OOS'iKl 
.12.6025 
.363609 
.015876 
.135^t2A 
.123201 
.0] ]66-'i 
.056169 
.GM529 
.001-';.V'j 
.012 769 



Contribution of V-oi\\ to 
Output I'.K-tcir in School A 



8.6935 
1.9559 
6.8031 
1.5022 
23.1318 
15. 1217 
.7082 
7.7069 
4. 3295 
.2259 
1.3960 



Out out l\iotor 72.].'t72 



i^jr^'ius to the t'Ual I^vIoa, ::ri.ir<-.l ^vv ;'\\hu' ( T tlio 'i^inircd 

oviTsill oiUpni l'.*^'"L is »;ivrii I'V tlio V'ln i^l" I !k' co;U 1 i'^^ c i ^mk- oi { hi' 

sa:":t' pri.K' i-aur c v-is r/,;>loyt\l .K'r ivo ^)iJi. i^ni l•:'vol^; Tor 
ot" f Lriy-llivoi' Tc :insy I va n L -i sc;^>s)]s on the b.i .ls of U^'"' 

tour SOLS {.>l canonLiMl wcM r.hl -, . To lc:>i t oor.custciu y ot the four 
».>ut.jMit it.doxos, Lho eorro Lit ions ar^on;.; tho four iivlL'Xi.^^ '.vere 
(■.on;uucd JivJ are ropro.l'icc^l in talfie 5'''*. ihi^ oulyMiL 'L;uitiXo;> Vv'i'o 
aJso ron'olace^l with an alturuat^ivo ricar/aro of ou I put. - - ho .sun cV the 
verbal aivJ naihur^U iva I scor(^:; O^kiI I I i-v 4 Goal fn'-;i)"~Lu seo 
v;:k? C I V ' V a a ou r: pu I i :\( 1 :•: wi i ic h i s ba s e d on a n nr. b r o T ctl u c a t: i o n , 1 1. 
output cl irioa:;i ous illfters frou tho travlitJonal iiieasuri^ <jf basLc 
skills as liie soio inJox of ooti':-: t iona 1 ouLpr:!:. 

'i'\v2 results of thf! correlational analysis in talkie 5 -A aro Incor elu- 
sive. On the one hantl> a higli correlntlon is fuujui ai:;ore; the iirstj secoacl, 
and tourth indexes. For reasons not yet clearly understood > tlio Llii rd out- 
[)ut index is not as hir,hly cor re La tod v;i tli ihc o timers as ot\e v;onlil desire 
If it can be argued that the canonical correlation lechniiue provides output 
indi-xes that are relatively insensitive to chani:es in the set ol inputs. 
Api^arcatly, the add, iLion of 29 in])at variables doi s ehaar.e ihe on.tput index 
to a considerable e;«:L(:nt. Hov/e'/er, tlic fourth ind^:x, b !scd on 47 input vari- 
ables, is hi:;hly c«.>r L**Uated wilh Ihe ffrst and s«n^.)ad in'.iexes, Als), tl^e 
nd'lHinr) of the on' pur ilOi. i^Ciii dav:s not .;pprar to a^f^Tt tlie output index 
uMch (conpare indexes 1 <ii\ \ 2). 

In addititn^, tht: corr-bitions bv'tv.jv:n I he basic skills score 
and the (^itput indexes are relatively lov. hven r.!^e hishest :^ o r r-^ 1 a t ion 
(betSs-een the basic skills index anl the f ou r t h cnnc^n i : a I ind.*x (r-0.729]) 
is not very high; a regression an<ilysis, v/ith tb*'' basi - kills score 
as the independent variable and the fourtli output iniex as ihe 
dependent variable, indicates that in niany eases the dicje^l 
output is nuch different fron the :scta;a] score, so thu th.e tank 
orderlri^. of nr:ny sci^ools differ.; eon.siflerably in the* tv.o crises. fhis 

O 
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TABLL 



Zero-Order Lorrelaiion Coefficionts for 
OutDul I r.dexes 



Index 1 



Index 2 



Index 3 Index ^4 



Sum of 
Verbal and 
Mall) Scores 



Index 1 ],GOOU 

Index 2 iK'J92^ 1.0000 

Index 0,6 ',9 2 0,G'*^;9 

Index A 0,9086 0.9180 

Sun of W rbn] 

and MaLh Scores 0,^237 0.A376 



1.0000 

0.6372 1.0000 
0.3093 0.7290 1,0000 
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is t'v.u'lly why It is consiiov^^l a^•cos^;.w*v Ineln.li' othrr Oii(;i;t'; 
it^ tin' .lua 1 Ys i s » aiwl tlu' r. Milts rrpoMrl h'-rrifi ^.-.y.y^i'i t1\.il ;^'i'lllo:\» 
(A ..iuLir r«' f«. i iii.tlvsis t cv i ■ k-.;:uvUiMl ir;!<v.r;; i:iM.Mii^s 
r.iil tiu' tlrst, !M'»'onil, .ii-i S.HirLr* i :':«'s mv w x v .*oi^.l pro.UrtiM's 

A;>;^ 1 I car ions ■ ;v.'o 1 v i a t 'l^- (''iiput h"! Kss 

AUlvni..;h (.lurri! vauM he nfj::,orov:s pppor t u:i i I i s to utilize 
t h'.' oaijv.it inao.;, I :!<■ piT ;. iU av. ilysv:; will bo oolu ine i Co t'>vv^ appllc.a- 
fioas wit.]; r.- f o ri-;^iC c: to a tiilrtl* 

onn- : i o:^^ o f Soalo 

One area. I'n which cc'ii-s tderab !c rosiMfclj f:aa been iin^LM' t akoii in 
recent years is eoononies of Sv:ale ii\ s^:[ioal operations/^ i ho research 
has been ha:^i[)ored, hovcvcr, by the lacr: ot a co:npr.:!>:uis ive c»utpuL 
fiL'asnte tiiat niast he used in Ciie anal>\iis to take v'lccounl ol' varyiin^ 
ediicational qualiiies* Since th.e n\e thoJo 1 ogy uscil lu cicter.alne scale 
eifecLs has been developed and fvilly discussed elsrvhore, th.ere is no 
need, to repeat it hero, 

S\ippose that the s'^l^ool is tlie proper uL\lt tor analy^^in;.^ scale 
efi"ects. If a parabolic re a t Ion sh t p in as learned ( lie t we en th : cost avA 
si/.e variables), then the c'enatloii which ''.'no sochs to estir^aLo v.ould 
resk- d>le tiie follovin^: 

(3.2) C - a d- hS J cS^ l dg ^ e? u 

vh.-re C is per pa;-!! cost, S is fichool si::o, 0 Is Llse overall <^ntput 
necreir^*, P ia an index of t:!ie prices that the j;cheoN :iarj!: pay ior 
various services, and u is a stochastic error ?er:i» It is not iiecessary 
to inc lnde variables r^'-asc r i a d L i' t ^a• eac a s in see c onon ic ceiidltions 
bocaase they shaald not affect t!ie cost oC eviutvui<>a esl'-ss < [] nt: a t i ona 1 
caality is al fee ted, and ediuational quality is inc lidded as a variable 
in tiie equation. P is ine.lr.de I to adjust for cost variations a:;.onn 

^See, for exanple, Cohn (196H), Cohn and ]!n (1^73), Hettich 
llirsch { 1 939 , 1960) , Kiev (l9Gr>^, aivi S.ihulao and Hickrod (1971). 
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schools v-'hleh arc duo strictly to differences in cost-of-living 
conditions across"; tlie Ptnte. 

It has also been argucJ tiiat a hyperbolic cost function 
fTilfJU be v.\oro appropriate (Colin, 1963 , and Cohn and Hu> 1973), 
in v/hiclj case the {'qua t ion to be estimated is given by: 

(5.3) C - a + b(l/S) \- cQ + dP < n 

J: ^'.L^'i^VVL J^'"V^ ^ ' '^^^^ fourth canonical outpnt index was 
nli]i::e.l .is a p^roxy fur Q (bee:'uso it is baf.ed on the largest nn'noer 
of input v.:r inbles) . Altiiough a comprehensive tieasure of cost is 
iackiro;, i.itorr.Uion i:; available on the variable INSLXADM ( ins i met iona 1 
L xpend i ttires per pupil in aveia.;e daily r^einber shi p) for the Pennsylvania 
<lata. Ur.e of this variable will certainly limit tlie e:-:tent of scale 
ccononicr; siiC^m by liie data, but the riain pnrp(jse of I he analysis is 
to illustrate ib.e uses of tlie output index. Also, avera;;e teaclier 
salary (r:-.M-M;V) has Ijoen used to represent P because r ost ins tr\ie t Iona 1 
co^;t^i art* c\ direct rebuilt of teaeiier corrpensa t ion . 

Tible 5--S provides the ri'i;ression refuilts for cfjuations (5.2) 
and (5.3). 'ilu* e:niiJrical results are clcaily d i sappo i nt i . First » ■ 
noiu^ (^f tViL- regression coefficients arc statistically signiijcant» and 
it a]ij)i'.ii also that all of tb.o variables, takrn tO);etiier do not 
ccuUrib-iti' s i yjii f icarU ly tov;ard I be redviction in the variance of 
INSb/.A')!!. Despitk' tliis, t!ie sir.ns of the coefficients arc consistent 
vitii a jui.iri <'>:pec ta t i ons . Further analysis, utilizing both different 
data and v-ifferent cost measures, nii;iit prove nore rewarding, 

F V a ] T 1 . 1 1 i . ^1 < ^ ! r ^ : ^ t r i h'. 1 1 i n a e : Te a c\ n • r C I ; :i i" ac t r i^; I 1 r s 

It is> veil Fn«'v:n that tc^arh^'r salarie!^ are typically based on 
tiie su-iallici siu-Ue -ilary schedule, wlieie individual tt-ai b.er salaries 
ari" t-nly Meition of ten^iln;,; i-xpt-r i <mx- e anJ eduraiien.il attair.:.ent 
(Coha, l-^;.\ ch.tpter 9; ivtisoii, cnaptt-r 10). ihls author has 

'it -.heuld b.' nrted, Ir-^aver, that, <>:cept (or ! MIOM., all of 
th'- variibU*; in luiri in ( i;e r,ivi^ ] 1, ^v*- v^m/ lev evf t t i l i rnt s of varia- 
I i<'n (0.f5''i f or 1 N: ;.aA;>M ^ IK'^^iS for iSAIAKV, and O.Olc^ lor the v>uI]m>1 ind<'x)« 
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V«u' tall las 



i^^itiJUC (Q) 
TSAI^\KY (10 
i:N:^OLL (S) 

l/l'NROLL (WS) 
c 

I' 



!'.um!v) 1 it: i'ljiic i ion 
b t 



0. 'JO'* 8 
0.017 8 
-0.0163 
0.001100U5 



L.5-V/ 

0,062 



0.06 
0.00 
0.77 
'a. 23 



livpi'i-':-.) 1 ic Fii:u- 1 ion 

h L 

0.952 0.20/ 

0.01 7 0 1.5 3S 



9550.7^)17 0.7 7 7 

0.056 
0.00 

AO. 9 I 



Nrjt_c>s: b = partial rogr c:is ion coefficient 
t -= t-ratio 



ro-' f f Ic i ont oi deton-.iinaL i -.'n corriiUrl for (l.T,r 



ol' frceclo;:). 
S[;K = si .uid-irJ error of esri:-. iti 



arj^uod elsev.'herc» (Coiu^ 1972, pp. 293-297 , and Coha» 1973) i\\ favor 
of a ^n?ary pro^;iMTi which vonld lake into account tlioso factors which 
appear to inl'lucncij ouucalionaJ cutpul> so th^at teacliors posses,sing 
tiiosc iUtriliutos which, on tlio avcrai^,o> arc shown to ouhancc eJucn- 
tional (^!ilput would be rewarded in proportion to the* production-fauct.ion 
coef f ic ica ti>» I'or exa'.nplo, if a unit oi teaching experience is sho^^-i 
10 tncri.Mse oiil])vU by an avc*r:r.;e :imoiuU of 1 percent, a teacher 
posse;;..:;;: one ll uf exper i one o greater than the averaj^e for the 
f,anpK' en ier .sti:iiy \;oul .l he ]K'iid an increiKint in s:il.-iry ]?roport. ioiial 
to thi 1 tu-reent i::prove:-ienL in otit[nJt. Such a f^alary policy would 
eiicojratV' tcacfiT:. lo accuire live attrihales for which a inonotavy 
rowarci i^. offered ar^d vouhl serve to reduce the gap between 
salary i^ay^-tnts and relalive prcductiviiy levels of teachers. 

A{;ain, t h? riodel proj^o>^,ed here iy not inten(h:\i as the iJeal 
fra. .-.,vud: for :.:ca su'" i ng the con i r i In: t ion of teacher eliarac tcr ist ics 
V>ui rather curves only as an cxanple. The equation to he estir.atcd 



:iv.a bv: 



I: 
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(!>.i^) Q ^ a + 1> TC*^: LKCK ^ h^Ti:XPi:R + b Ti^nJC + ); FAC i + u 

^ i=l 

where 0 is thj over:ill output r.;eaf.urc; I'AC i Is the^ ith factor 
aceonn: in..; for siuih-nt, co:..:%un i t y , school, jnd teach»'r inputs 
not oxpiieilly iacluJed in the c^quatien; anJ u is a sLocliastic 
error [vrv\. 'ihe rodel woulJ as;-.esi; Uk? contribniion to total output 
(Q) of c.iueat ioua 1 prepara t i^^n , teaching; experience, and type of 
cc>lle.;e If <^:i which the teacher y/raJuatc^d. 

ir.pirir:] IN .uUs. 1>; M r:-! t e!i for tiie three teacher chirac'ter- 
fsties \^re ohtaiiitd on the basis oi tlie jnrln.sion of eleven factors 
and fi'v.' latMors (. t !ilU than ( lioy^c explicitly included in the rqualiou), 
rcpect i Vv" ly . Siw.i^ the .uhiit;en of six •actors d*iti rast contribute 
s:. Ill f i= ant Iv lo i). t ::p 1 ana t • uy pcwer ot tln^ r^o.lrl, only t)se fpiation 
with th - 1 ivr fa.rtors (k^^;) 1 !» riportei in tahh' The results 

fndioatr ?hai nan.- the teiciar cha rar t er i si 1 c s ha- a statistically 
Si \ai f i^ -n'.l CiH'fUiiiMU. Ihis ts t-a r L i /u ] ar 1 y reVi>annr, with iej',ard 
Uv Tb.v*.*: an.S IV:^' ;:, tic.vise th,e ves-aUs v'nnfllct \,*ilh accrptrd 
oplnien Ihil ex}MU l«au !• and iduCti M ^ski 1 picparatioa should he rev.nded. 
9^ Hi 



]:>-lan.-U()ry Part l.il r^'r-^^ssion 

"^'i'*!*^ Ceci l iciunt t-iiat lo 







0 . O-'t 2 


ti:xim:!1 


0.006? 


O.Dii3 


tk!h:c 


0,15:^0 


0.229 


FAC 1 


0.23.'.3 


1.234 


VAC 2 




0.555 


FAC 3 


-0,r,956 


4.154 


KAC 4 


-0.2617 


1.731 


FAC 5 


0. 1S2 9 


] . 180 


R^ 

c 


0.405 
0.297 




F 


3, 7 '',3 




b r, ;■, 


I .035 





2 

of i r (^C'ion 
^EV, - stau^iafci or rtir of est inri 



Note, liowevcr, lhc\l the oi tput vori«ible has an extremely low coefficient 
of variation (0,018), indicating; tliit the f i f ty*-t)iree Penr.sylvania 
Kcliools utjli;:ed in this analysis iwv quite sirjiLir in tlielr educa- 
tional output. Tiie sair.c is also true of TCOIA.V.GK and 'UXVC (with 
coefficients of variation of 0.053 and 0,067, I'cspect ively ) , but 
not of Ti-.XP}:il (witli a coefficient of variation of 0.2^43). One 
would liave to cxanine additional evidence before the present assump- 
tion re;»',arti in.; i]w con t r 1 Ini t i on to output of educational preparation 
and exper iej;c»- could be d i ^::l;i ssed . 

ft has been proposed by this autlior (Cob.a, 1974, cliapter 7) 
tiiit the state' aid fornivrla should include inc uulves for schools 
to increase tii< ir productivity. A prerequisite for sucli a framework 
v;ould l^i! tb.e development of an output index that can be shouTi to be 
consistent ov»^j- tir.e. The present analysis pri^vides the niicleus for 
furtl^er deve lop.r.un t ;ind lestinp, of t lee output index over t iiiie and space. 
(Headers v;h'> ate int e re :^ I > *f! in the state aid incentive plan nay turn 
to tiiO earlirr publication ((luhn, 1974].) 

C I > p. c_ 1 1 ! d_J n !^ C o ^ c n t s 

The di've 1 Oii;xuU of the output indexes v;.is shown to provide 
several [)os.:. i bi 1 i t ies for future ap;iKcation. AVth.oagh it does not 
ap;»ear that tS'' presL-nt irpirical rrsults offer i::uch in te] r.:s of 
I'M] or cone I us i(>n s ^ thi^y do offer a new fra;nev;orV: that should Ijc 
h<'l; ful in !t:t^:rc i eseai iMK 

It Irs bi'in noted th.at the otunut indexe'^» are not very sensitive 
to c]'in.;es in tlu'v^-itput sot utili/i 1 in tb.e cin-'nical corti latlon 
an.ilv/.is. Thr-,- aic, how/Vt^r, SLUSitive to chinvs In tlie itiput 
:»''t. .Mso, I'.t^ ouipiit i.uiLxer. r;ay n<M lu* co!v:i;:!rnt ovt-r 1 i::u» and 
r,pjcc, and ou v^ibi to stvnly t!*»:.:^ with /rcat care lefr^re swei>[)in^' 

c^^clusien'^ arr drawn. 
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itivU'xos. AUiM^MUivi' ,^;^pi\ .u'Vu'S sh'.nii^i tiovi^ii,^ aii.i ru. -.p.xr i j:- ku; 
^^'iLp'.ti ill! I' A usiil tor i\.\n.\\crA'Ai p\ir;K>Mt ; aiS sound as caa be. 
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CIIAPTF.R 6 

co:;c:],usio.Ns 

The r'iOdols presentee] lierein support- i he conteation that, 
on Iho avera^;e, ^o::e reallocation of resources — vithoul the need 
to purchase nev; ln|>u ts--could on! m nee the out puts of the educa- 
tioual systeni, Oihj is not qui to cerLaii:, l^o^.'cvcr, hov.' far .such n 
reallocation could [;o and \:V:ai i^recisc offsets suclt changes in in- 
puts \'ould f.er.eraiL'. 

Consider in;^ th.e cr;;:nlicn 5)ysLor^^:, a -i^ronp. ar^unent vvks loade 
in fi'vor of" tne dovoIop::.r-nt of a y iT.ullancojs-cquat ion J^ystcru It 
is quite apparer^t frori a close exaniiuaLioa of iho results that the 
levdM and sip,ns oT the re^ucssion coefficients vary between the 
sin{;lc'~eqnaiioii and the siDul tcineous' equation models » Moreover , 
the siiiul taiieovis-equation approac h enr.hles one to calculate the re- 
duced-form coefficients v;hic]^ pern:it;: prediction of each of the out- 
putc7 on L]jo basfi^ c*C t\n2 input sei aJoju'. 

It Iris hci-!i noted that Lhe p,ain Jinitatica of the equation 
systens is t!iar deci^Jions must often !>e i:ade with reference to the 
ov^-rall outjvat it^vol. I'or .sl:cIi rui analysis, :-.o:iie form of o.n output 
index is neevled, 'Iho canonical correlation technique appears to be 
one useful :::et}tod for devc-lo;:iijr, ruch an output index. It has ber-n 
shovn that the refultin/, output iruiox is sonsitlvi* to chan^;es iu 
lUo iriput but relativi'l y i^^.eilsi t ivc^ l o ch.Ki^;L:s in tlie output tnix 

u 1 i 1 i :u d in t he r , ; a . >n i c a I c o v r v i a 1 1 o 1 1 a [ i a I y sis, 

A] t !Kui/,h the output index st.ould cU-arly Ix* hoJpful In a 
nu'dn-r of apn) i ca; loi:s, its umt in r he ri»ui.t.vt of ihi present d»ata 
and the t*,.o ar^p ^ i :at ions d. i -.v.n s.sod in chapter t> was ]o?:s thai^ t a-i- 
joura i n.; . TiA:- -.ly h- khu' , il It-atU in part, lo the very low tjh- 
-:ervr-! vaiiatioa !:: t!ie outjMt index aiuni.-, tie fifty^throe I'tniisvl- 
v.iTiia sc'it^ols. ''lo result-: the i im c iio ! -c harav^ I i^r f :^ t f cs riiaJys j;; 
do ;"'ir^r:.t, f\>.y^'''V\' v ^ il^e iur \ to reev.ilnate tlie pri\'a i J i nr. assn':;pi Inn 
re^v^rd i-;;*; the or u i h\it ion t»j dncat ion a I cutput o! ti-achinv; t 
and I'd'u it ionai ].ia p iratiuu. 



A'.Ui i t i*"i;Ml 'iala c^^llocCion an 1 na.ilysLs, ip.v.jlvinv, both tb.e 
prt'Si-nL anJ n It o ir> i L ivt? npproarlK'j^ nt/o(»^-:^'ir/ in t>rJor l]).\t a 
b 0\1 y o i K'wp i r it: a I 'r. ; vn; 1 c d v; i 1 I c or. . : ,\; . i i h 1 o . S\ : »: r. o : > :^ 1 v c :< - 
per alat. Loii wilh tlio n.Oviej:? nn.d a f t" i t'n.it ion oi' C]\e rcsniis hcvosh 
tine: arJ .space arc r.L'ctsssary boforo siicli vc.^uUs couh) hn vi-^ful 
wilh a n y d e r of i: t m i d e n c e . 
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